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1.0 SUMMARY 
'. ' 
. During this study, the conceptual design of a four place single turbo-
fan ' engine powereo light airc-raft was accomplished utilizing contemporary 
light aircraft conventional design techniques as a means of evaluating the 
NASA-Ames General Aviation Synthesis Program (GASP) as a preliminary 
design tool. in certain areas, disagreement or exclusion Wfre found to exist 
between the res'.Jlts of the conventional des'ign and ~ASP processes. Detail 
discussion of these points along with the associ~ted contemporary design 
.. : ... ~ 
methodology are presented in their respective secflOns of the text. 
The GASP program as it was structured at the time of this study gave 
significantly different results in some areas when applied to the design of the 
present study class of aircraft. This is primarily the result of util izing the 
input default values of the previous Garrett study and these differences could 
be m ~ tigatHd somewhat by adjusting the program's input on a trial and error 
')asis until reasonable results were achieved. Synthesis of a Learjet class 
aLrcraft Llsing standard GASP default values yielded excellent data as might 
be expected since the GASP methodology and input default values were formu-
lated from statistical cata for aircraft of this general size and performance. 
Recommendations of specific areas in need of further study and recon-
ciliation with the results of the contemporary design are outlined as well as 
suggestions for additional computational capabilities which would increase the 
usefulness of the GASP program. 
The only significant new technology requirements identified with this 
class of aircraft were those associated with reduc.:ing the cost of the turbofan 
powerplant to a position more competitive with reciprocating engines. 
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2.0 INTRODUCTION 
In a previous study (Reference 1) sponsored by NASA, the Garrett 
Corporation investigated the applications of small turbc..fan engines to single 
engine light aircraft. That study, in additiol1. to engine cycle and design 
analYSis, evaluated the total aircraft design and mission by using the NASA 
Ames general aviation computer-aided design 'program (GASP). During that 
study, several questions were raised concerning the configuration arrange-
ment, aircraft flerformance, and modeling characteristics of the GASP 
program. 
The objectives of the present study were to thoroughly analyze this 
class of aircraft by performing a conventional design process utilizi.ng con-
temporary light aircraft design techniques; to evaluate the applicability of 
using the GASP aircraft synthesis program as a preliminary design tool; and 
to identify unique design and technology requirements involved. To achieve 
these objectives a four place utility configuration w,.,s chosen for study by 
conventional methods, util iz:ng essentially the same performanre requi re-
ments outlined in the Garrett study (Reference 1). Parametric f:, ~ rf()rmance 
analyses were carried Ol .t using contemporary techniques along with the 
GASP progr'am, for the purpose of validating the GASP results. 
In the course of cC.1mparing the resl.llts of the two methods, emphasis 
has been placed on identifying exclusions and c.!iscrepancies in the GASP 
results to aid in possible future modification by the program authors. 
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3.0 LIST OF SYMBOLS 
Aerodynamic Center 
Aircraft Manufacturer's Production Responsibility 
Aspect Ratio 
Tail Li~ Curve Slope 
vVing L,ift Curve Slope 
Center of Gravity 
Hinge Moment Variation with Angle of Attack 
Hinge Moment Variation with Elevator Al"Iglp. 
Lift Coefficient 
Maximum Value of the Airplane Lift Coefficient 
Maximum Value of the Airfoil Two Dimensional Lift 
Coefficient 
Three Dimensional Moment Coefficient 
Airfoil Two Dimensional Moment Coefficient 
Variation of Upwash with Angle of Attack 
Variation of Downwash at the Tail with Angle of Attack 
Federal Aviation Regulations 
Foreign Obiect Damage 
Gates Learjet Corporation 
Tail Incidence Angle 
Wing Incidence Angle 
Distance between Wing and Tail Aerodynamic Centers 
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Dynamic Pressure 
R'afe of' GI imb', 
Wing .Area 
Equi val en: Horizontal Tail Ar '~a 
Sea Lvel Static Thrust 
Total Vee Tail Area 
Airfoil Thi.ckness Ratib 
Tail Volume Coefficient 
Cruise Speed 
TOj:> Speed 
Stall Speed 
Local Fuselage Width 
Gross Weight 
Distance Along Fuselage 
Angle of Attack 
Zero Lift Angle of Attack 
Dihedt 'al Angle 
Control Surface Deflection 
Ratto of Dynamlc Pressure at the Tail to the Free Stream , 
Pressure 
Elevator Effectlveness 
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" "lI." ' . Th~ p~cerL r:-e,s' follov.ied by a designer in th~ conventional pre 1.im.~!,a~¥ '~ r-<' ... . 
design prOcess tend .to be 'individualized anq ~ntuitive;further, they d~pend: on " ~. '" .. j 
...... ;:"" . ~! . I .: .. .. ., •• • 1.Y- _ ' . . .. . .... ' . ' .' • f: ... -; :. . .' :; .. ~ . 
. .. . tpe scope aJ:1d ,magnitude ~f the particular pt':'C)ject. .An ic;lealized procedure '/". 
for a; completely .lew .design is given here, QrOken down into steps for ' cf~ritY ' . 
:' ;~. .' '-
and d.iscussion. They are' as follows: 
-- . -" 
' :'1. , Estab.1ishr"rrent of design requirements and constraints. - For an 
airplane spedficatlon to be complete, I.t must include the design 'payload, 
cruising spe~d, altitude and range, and the 'takeoff and landing distances. 
Altemately, a stall speed may be specified which serves as an indirect 
specification of the takeoff and landing distances. If any of these items are 
omitted the designer must provide them based on his own experience and 
judgement to assure the viability of the 'final des.ign. Of course many addi-
tional requirements and constraints are applied, ranging from FAA regula-
tions through company policies and practices (stated and unstated), to the 
prejudices of the particular designer. 
: ) ... .. ' '.~ :":'" 
2. Layout of passenger and payload space requirements. - The exter-
nal envelope of the aircraft fuselage must be minimized for good performance, 
conversely, the interior must be roomy enough for comfort. The instruments 
and controls must be located for good visibil ity, easy reach and operation 
and in a logical arrangE!ment. The compromises involved may be shifted a 
diffet'ent way for each different model, even within a given company line, in 
an attempt to satisfy the requiremen~ of particular market targets. 
3. Layout of the initial airplane configuration. - The designer initially 
assumes sizes for the wing and tail surfaces based on typical wing loadings 
and the expected gross weight; he then builds up a configuration around the 
5 
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passenger/payload space. This may require several iterations before he is 
satisfied. 
4. Estimation of the COmpl)nent weights and shift of the · cor.figuration 
for proper balance. - J\ ;::omponent, such as the powerplant or battery, may 
be shifted, or the wing, along with the tail and main geRr, may be moved to 
bring the c. g. into the p rope r range on the wi ng . 
5. Performance estimation, parametric studies and modification of 
the design to meet the requirements. - '..Jsually some level of parametric 
study is required to size the wing and/or the powerplant; the extent of the 
study depends on the degree of departure from past configurations. 1n some 
cases the entire pt'Oject is an outgrowth of an extensive parametric study, 
where a particularly promising configuration was found. 
6. Stability estimation and modification of the design as required. -
Normally only the static stability is calculated at this stage to size the tail 
surfaces and establish the allowable c.g. range. Dynamic stability analyses, 
if any at"'e planned, would be run later in the program. 
7. Preliminary loads calculations. - Very rough estimates of the 
loads a."e made at this time as detailed air-loads are only calculated after the 
design is frozen. 
8. Layout of the structural arrangement and modification of the 
design as required. - The major structllral elements must have simple 
straightforward load paths that do not interfere with the passenger/payload 
accomodations. Major elements slJch as spars, stringers, and fittings are 
roughly sized at tliis stage. 
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9. Systems layout. - Controls, electrical, fuel, hydraulic, ~nd heat-
ing and ventilation systems, as required, are laid out at this state to assure 
simple systems without interference. 
10. Cabin mock-up construction. - A mock-up is used as a three 
dimensional engineering design tool; in addition it also serves as a sales tool 
for management. This is usually the first tangible item presented to manage-
ment and the occasion for the first feedback. ..' 
11. Review with manufacturing. - The purpose of a manufacturing 
review of the design is to identify potential fabrication problem areas and to 
enlist suggestions on methods of minimizing overall costs. 
12. Aircraft design report draft. - The design report surnmarizes the 
preliminary design '-lvork and gives a detailed definition of the airplane for use 
in the detail design phase. 
These twelve steps are not an orderly, linear process as might be 
intimated by the above listing, but rather, a more or less simultaneous con-
tinuous process. All steps are kept in mind by the designer from the begin-
ning, and all steps, including the first one, are subject to change as the 
design progresses or from management input. 
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5.0 DESCRIPTION OF THE GASP PRf":,GEDURE AND COMPARISON 
WITH TF:tE- OONVENTIONAL DESIGN PROCESS 
The General Aviation Synthesis Program (GASP), a digital computer 
program developed by NASA-Ames Research Center, is basically a concep-
tual design tool for the aircraft designer who has to investigate the inter-
action among the various diSCiplines involved in the design process - namely, 
aircraft-geometry, performance, propulsion, structures, weight and balance; 
economics. federal regulations, etc. - before he arrives at the end result 
which presumably is the best possible comp_romise that meets the design 
goals. This is a very complex iterative process that normally takes several 
man-months when done manually, even with the help of all the usual design 
charts. The goal of the GASP is to allow the designer to carry out this task 
in a fraction of that time. 
The program has several subroutines to carry out the analysis within 
each diSCipline and a control routine which provides the user the flexibility to 
call any subroutine at any stage except at the very beginning when the basic 
geometry and powerplant size are determined. In general, these subroutines 
were originally developed for purposes other than GASP. The combination 
of these subroutines with the control program yields a very complex computer 
program with over 200 input parameters, several hundred assumptions inherent 
in the program and at the time of this study almost negligible documentation on 
program usage, program logic or input definition. Thus, while it is a powerful 
time saving tool for the conceptual design engineer, it is difficult to use without 
some minir:num knowledge of the internal structure of the program and documen-
tation of methodology. 
The program allows the user to select his own sequence for arriving 
at the finnl configuration. For example, he can size the powerplant, compute 
8 
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·the' r:~-~~ ~-~ 'oper:-atthtrcost/ ahd then ' change the geometry, increase the pay-
load, decr-ease the cruising speed or specify a ' new powerplant and look at the 
- ~ ..... -. ' ., . - -: 
effect of a~y or all of these changes on weight, cost '01'" performance. 
, \~hf1e ·rtiahY· bf'thE,r disc'r'ete opef-atlons performed by GASP are similar 
:in ~~tu~ to those utiliz'edin ~ contemporary design effort, on a typical run, the 
ope,rational task flow is somewhat different. Starting from basic input data 
~on§tsfi~g ' of 'gross yjeight, payload and performance criteria, GASP deterrt\ines 
. a'.I5~'~hri::{~ir:6·raft ·geo~etry and proceeds to compute the cruise, takeoff ·and 
lahding aer6~ctYnamics~ The first performance'-'calculation and : test comes in the 
. form of a lfu1airig distance: calculation .'-: If the landing criterfon is not met, the 
program resizes the wing and loops back to the starting point (geometry deter-
mination), otherwise it proceeds to size the engines on the basis of the takeoff 
requirement or a cruise speed specification. Optionally the ' engine thrust may 
be specifted. With_y:,e engine~ sized, the program then computes structural 
weight, balances the aircraft and flies a mission profile to compute range. 
If the range requirement is met, the program finishes the case by computing 
the cost factors. If the range requirement is not met, the program increases 
or decreases the gross weight and loops back thru the starting point. 
in the foregoing manner, the GASP program is able to produce a solu-
tion ai~raft which has been synthesized to achieve the required performance 
criteria within the bounds of the design and geometric constraints placed upor. 
it. Assuming that all of the aerodynamic, propulsion, weight and performance 
data predicted were val id, there is no guarantee that the solution aircraft is a 
currently viable product as the required size of engine or some other component 
or system may not be in existence if the program is allowed to resize these 
components in order to meet performance goals. Converse to this approach, 
the contemporary method of design starts with ~xisting or projected engine, 
assumes geometry, analyzes this baseline and perturbates about this baseline 
geometry. In the final step of the contemporary design process, all of the 
9 
--.... -- .--.-.--~,..---~--""\--~--~-~--:-~--:-----r.o~~-----
I-------------------------------------------r -----------------------------------
i · 
i 
.1 
! 
performance cOnstraints are viewed simultaneously to def:ne an acceptable 
. ·erive19pe .of.geometrlc excursion. 
The final judgement outlined in the description of the contemporary 
·design process was based on weight wh1.ch translates directly to prodJction 
·costj a judicious choice if a particular performance requirement is solidified • 
. Like everything else, performance has a price and market analysis for a 
.. given'y~ar. establishes the ·acceptable as~ociated cost levels. In the GASP 
~alYS1.s:i :performance excursions from the baseline can be made with relative 
• • J , ~ase_.t;-o .. ~valu~te the ~sociated cost variation as will, be shown later • . In this 
"particular. contempOrary design. final analysis, performance associated costs 
. . . . . 
- . 
may be yiewed indi:--ectly.by noting the change in wingspan required by the 
desired performance. To explain, the contemporary cost analysis method-
ology utilizes AMPR weignt as a major element in the development and pro-
dUction cost buildup, therefore, any factor that increases the aircraft empty 
weight, increases the costs. In the present study, weight variations were 
primarily a function of wingspan; as the span increased, the weight increased. 
Obviously then, there is a direct .relationship between development/production 
costs and wingspan which allows costs associated with a particular desired 
perform~ce to be assessed on the basis of the wingspan change required to 
achieve it. 
In view of the preceding discussion, the differences in approach be-
tween GASP and the contemporary design method may be summarized by 
saying that GASP synthesizes a single solution to satisfy the desired perfor-
mance and constraints while the contemporary method analyzes variations 
from a given design point to establ is!1 geometric boundaries within which 
satisfaction of all performance requirements is simultaneously achievable. 
The GASP program may be used in the conventional parametric study manner, 
however it requires repeated program submittals in order to build the data 
matrix for trade studies. 
10 
-r:-· 
I 
.. .. '. 
6.0 THE CONVENTIONAL AIRPLANE DESIGN 
6.1 Human Factors . 
The passenger capsule layout is illustrated in Figure 1, the boundaries 
shown represent the inner walls of the cabin. The cabin volume is sized and 
proportioned to provide good comfort, excellent visibility and adequate bag-
gage area. While the cabin volume shown is comparable to that of a Cessna 
Cardinal, it lS superior to those provided by the Cessna 172, the Piper Cher-
okee and the Beech Bonanza. Beyond that, it is significantly more comfort-
able than the baseline Garrett airplane (ref. 1) which had adequate width, but 
was somewhat lacking in headroom and rear seat leg room. This comparison 
is not a criticism of the designs mentioned but simply a recognition of the 
fact that the projected market cost of the present design project would not 
tolerate less, than optimum comfort or space. 
The forward visibil ity shown in Figure 1 is superior to most single 
engine 1 ight planes for the simple reason that there is no engine in the nose. 
The lower vision angle is approximately the maximum that will allow the 
nose to be within the field of view of a pilot looking straight ahead; thus it 
provides a longitudinal and lateral attitude reference with minimal obstruc-
tion to vision. Some difficulty win be encountered with the installation of 
instruments and radios in the panel, particularly the longer ones, due to 
the slope of the cowl deck. In Figure 1 the lower vision angle represents 
that for a 5 percentile (short) man and the upper vision angle for a 95 per-
centile (tan) man. 
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6.2 Airplane Configuration 
The first configuration la,id out, PD1501, is shown in Figure 2. This 
is a low wing airplane with a podded engine mounted on the aft fuselage, a 
vee tail, and fixed tricycle landing gear. The wing is the same size as that 
of the baseline Garrett airplane and incorporates the GA0N)-1 airfoil, full 
span Fowler flaps, and lateral control spoilers. The vee tail was selected 
over a twin tail for simplicity and lower parts count, and at this stage is only 
roughly sized. 
The wing spar is located at the aft doorpost and runs under the front 
edge of the rear seat. The engine mount is aligned with the aft cabin bulk-:-
head. The spring main landing gear is mounted to the aft side of the main 
spa"r carrythru. The oleo nose gear is mounted 0n the forward cabin bulk-
head. 
Two doors are provided for easy entry and exit. The step height is 
fixed by the clearance between the wheel and the wing necessary to allow for 
the landing gear stroke. With this short wing chord, there is no problem 
with clearance between the deflected flap and the ground. 
The podded engine provides the simplest installation and affords good 
access for maintenance, though it also has a fairly high wetted area. The 
pylon length is set to the minimum that win avoid separation caused by inter-
ference between the nacelle, pylon, and fuselage. 
The principal disadvantage of this configuration is its awkward appear-
ance. 
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The second configuration, PD1502, is shown on Figure 3; this features 
a semi-buried engine with a short S duct. This arrangement has less wetted 
area, but a longer intake duct. Maintenance access, particularly to the 
bottom mounted accessories, is more difficult. 
The tail surfaces are large!'" than those of PD1501, reverting to the 
baseline aircraft's area and aspect ratio. Wheel fairings have also been 
added, primarily for esthetics. 
_ Figure 4 shows the third configuration, PD1503, which has a buried 
engine with a bifurcated inlet duct. The high aft fuselage eliminates the 
need for a long tailpipe and allows the use of a conventional tail. The inlet 
i 
length is limited by clearance with th(. door. It is not possible to put the 
ii"ll~t.c:; below the wing leading edge smc ·~ the air would somehow have to pass 
through the wing structure. In addition, a lower inlet posit.'on would pick up 
more FOD, particularly rocks thrown up by the nose wheel from a gravel 
runway. As it is, the ducts of PD1503 eliminate the lower baggage compart-
ment. 
This complicated inlet ducting adds weight and is expensive to build, 
causes inlet distortion and increases duct lossE"s. Access for maintenance 
is somewhat more difficult than a podded engine configuration. 
The conventional tail on this airplane is the same size as the vee tail 
of the PD1502. 
After study of these three configurations, the ?D1502 was chosen as 
the most promising; the work the.t follows was done on that configuration. 
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6.3 Weight and Balance 
The most accurate .method of quickly estimating airframe weight is by 
comparison with .a line of similar airplanes bunt t:>y the same company. How-
ever, if the ' past history is sketchy or unobtainable (or not documented), or 
if the project at hand represents a major departure ff"'Om past practice, a 
better method must be found. General aViation companies treat weight data 
as proprietary; thus, it is not widely availuble. Some statistical trend 
equations exist bu~ must be used with care, for the reason that :hey may have . 
been derived ff"'Om insufficient data. Thus the weight estimation procedure 
becomes a combination of calculation with trend equations and comparison 
with past airplanes. 
Table 1 gives a comparison of the PD1502 weight summary with that 
of the Garrett baseline airplane (Reference 1). The difference in the wing 
weights can be attributed to the difference in gross weight. The difference 
in fuselage weight is ClUe to the larger cabin of the PD1502. Differences in 
landing gear and controls represent a simple disagreement. The difference 
in equipment weight is in the furnishings. The final difference is in the fuel 
quantity, which for PD1502 was increased to round off the gross weight to 
907 kg (2000 lbs.). 
When the balance was calculated the airplane was found to be tail 
heavy • . In c.rder to shift the most forward c. g. and the most aft c. g. each 
forward abo'.Jt 17% MAC, the ',I, 'ing, tail, and main gear were moved aft 
160 mm (6.3 in.). This I"\~sult is plotted on Figure 5. Three loading sched-
ules are shown; the most forward case, the most aft case, and the maximum 
cabin load. While this c. g. range appears large at fi rst glance, it must be kept 
in mind that with the high aspect ratio wing the chord is narrow, and the tail volume 
coefficient is relatively high. Whether this c. g. travel is indeed acceptable 
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Dry, Bare Empty Weight 
Paint 
Unusable Fuel 
Licensed Empty Weight 
Payload (Design) 
Maximum Fuel 
Gross Weight 
J:'ABLE 1 .:"~ ' 
20.4 (~5.G) 
8.0 (17.6) 
56.2 (124.0) . 
10.8 (23.7) 
18.1 (40.0) 
22.7 (qo.O) 
-45.4 (100.0) 
431.6 (951.5) 
3.6 (8.0) 
2.7 (6.0) 
437.9 (9C5. 5) 
272.2 (600.0) 
197 • 1 (434. 5) 
907 • 2 (2000. 0) 
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will be determined when the stability and control calculations are made. The 
empty weight e.g. is· outside the enyelope, however this is not a flight condi-
tion and this point is ahead of the main gear, therefore, tail tipover will not 
be a problem. 
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6.4 Performance - 400 Lb. Engine 
Because this is a new class of "airplane, a parametric study was run 
over a wide range of wing spans and areas. Only constant chord planforms 
were considered; The NASA GA0N)-1 airfoil of 17% thickness (Reference 2) 
-
was chosen because it was felt that the final result would have a higher than 
usual aspect ratio and the thickness afforded by this state of the art section 
would aid structurally. The span was varied from 7.6 to 12.2 m (25 to 40 ft.), 
and the aspect ratio from 4 to 20. 
A simple computer program was written to perform the required 
parametric looping. For each wing configuration it calculated and printed 
the gross weight, wing area, rate of climb, speed for best rate of climb, top 
speed for that thrust setting, and stall speed. For iterat:ions at different alti-
tudes or thrust settings, the program was rerun ~ith appropriate ir.puts. Two 
other programs were written which combined the looping feature with takeoff 
and landing routines. The initial series of runs used a Garrett 1779 N (400 
lbs.) sea level static thrust turbofan engine (Reference 1). 
Figure 6 shows the variation of gross weight with span and area. This 
variation reflects the variation in wing weight alone since the rest of the air-
plane is held constant. This weight is used in the succeeding performance 
calculations, so that the effect of weight variation with confiquration is 
accounted for. Based on a wing weight estimation procedure commonly used 
for this class of aircraft, it" may be seen that span is " t~e"" rtrimary variable "in 
weight, while area is a "secondary variable. Note t "l?!': weight dec reases 
with increasing area at constant span. This is the opposite of what might be 
expected intuitively; evidently the weight of bendi : l(j rn:l terial decreases due to 
increasing thickness, faster than the skin weighti "ncreases. 
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The flaps up stall speed is shown in Figure 7. While the three dimen-
sional CLmax is calculated as a function of aspect ratio, the stall speed 
appears to bea function of wing area alone. Although the CLmax is higher 
with the greater span and aspect ratio, the associated weight increase more 
than compensates for it. The overall result is the stan speed of the longer 
spans being slightly greater than .that of the shorter spans. 
Figure 8 gives the sea level rate of climb. The rate of climb improves 
with increasing span, but the rate of improvement decreases at the higher 
spans. At constant span, the rate of climb improves with a decrease in area, 
due to the decreased wetted area and skin friction drag. The hook on the 
lower curves is due to the fact that the stall speed is higher than what would 
normally be the best rate of climb speed. The dashed line shows the FAR 23 
climb requirement; the rate of climb in feet per minute must be greater than 
ten times the stan speed in miles per hour. Thus only those configurations 
to the upper right of this curve are acceptable. While this requirement is 
strictly applicable only for the stan speed and rate of climb in the takeoff 
configuration, with gear down and takeoff flaps, it is employed here as a 
useful guide. 
The service ceiling ..::urves of Figure 9 follow the rate of climb curves. 
The variation with span is greater, and the hook on the lower curves is more 
pronounced. Note that while the rates of climb are not exceptional, the 
ceilings are excellent in comparison with comparable piston powered air-
planes. 
Figure 10 shows the sea level top speed. This varies mainly as a 
function of area; span has little effect. 
Figure 11 shows the sea level cruise speed; this variation is similar 
to that of the top speed. 
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Figure 12 ~hows the cruise speeds at 1524 m (5000 ft.). The longer' spans 
are slightly faster at this altitude than at sea level, but the shorter ones are 
someWhat slower. 
The '3048 <10,000 ft.).cruise ,S'peeds are shown on Figure 13. The dashed 
? . 
line indicates the ;Specification requirement; note that few configurations exceed 
. . 
it. The 7.6 m (25 ft.) span curve is truncated at both ends; those configurations 
are incapable of flying :at·this altitudeiat cruise thr'Ust. All 'configurations are 
s lowe r:' at this altitude than at 1 524 m (5000 ft.). 
Figure 14 $hows the cruise spe~ds at 4572 m (15,000 ft.). The 7.6 m 
(25 ft~) span curve has dropped out completely and the 9.1 m (30 ft.) curve is 
truncated. Again, all configurations are slower than at 3048 m (10,000 ft.). 
The range at 3048 m ,(10,000 ft.) is shown on Figure 15. Nearly all 
configurations exceed the specification value of 885 km (550 statute miles). The 
range shown results from a simple calculation based on fuel quantity, fuel flow, 
and speed. No allowances were made for taxi, takeoff, climb, descent, landing, 
or reserves. This estimation technique assumes that the extra fuel burned per 
mile during climb is made up in descent. Whi1.e some accuracy is sacrificed by 
this method, parametric relationships are shown properly. 
Figure 16 shows the takeoff ground roll to be dependant only on wing area. 
This indicates that it is a strict function of stall speed; it is, actually, a function 
of liftoff <;peed which is usually a specified margin above stan speed. 
The takeoff air distance over a 15 m (50 ft.) obstacle, shown on Figure 17, 
is the first graph to show a maximum or minimum. It can be assumed that at wing 
areas less than the minimum point the higher stan and takeoff speeds cause the 
longer distances, whlle at areas greater than the minimum, the higher drag 
increases the distance. 
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Figure 18 shows the total distance required for takeoff over a 15 m (50 ft.) 
obstacle. These curves, of course, are simply the sum of the previous two. 
Note the rather poor distan.ces obtained. No takeoff or landing distances were 
specified, so the authors defined two levels of performance. Six hundred and 
ten meters (2000 ft.) total distance was chosen as a requirec performance level. 
This was felt to be the maximum distance that would permit safe operation from 
a typical 914 m (3000 ft.) general aviation runway under all conditions by private 
pilots. Four hundred and fifty-seven meters (1500 ft.) total distance was assessed 
as a desirable performance level which would allow competition with comparable 
piston powered airplanes. The validity of these judgements must remain in question 
until turbofan airplanes arrive in the marketplace. These two levels of performance 
are shown by dashed lines on Figure 18. Few configurations meet the 610 m (2000 
ft.) criterion, and almost none the 457 m (15()0 ft.; level. A check of the data shows 
that those configurations that require less than 457 m (1500 ft.) have stall speeds 
with takeoff flaps less than 74 kph (46 mph). The cause of this poor performance 
is that the assumed engine size is inadequate to meet the desired takeoff performance. 
The landing ground roll, Figure 19, shows more dependence on span than 
the takeoff ground roll. This is felt to be due to differences in the way ground 
effect affects braking effectiveness. The dashed curves show the effect of 
deploying spoilers simultaneously with brake application. These are either 
the lateral control spoilers or similar surfaces installed inboard of them (Refer-
ence 4). 
Figure 20 shows the air distance required to land over a 15 m (50 ft.) 
obstacle. Although no spoilers were used for this segment, it is still ra.ther 
short due to the high drag of the full span Fowler flaps. 
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Figure 21 shows the total landing distance over 15 m (50 ft.). Based 
on the field performance specified for takeoff, the· number of satisfactory 
configurations is much greater than for takeoff, particularly when spoilers 
are used. 
In view of the poor performance in takeoff and cruise, and the marginal 
climb performance, it was decided to repeat these calculations with a 2224 N · 
(500 Ibs.) sea level static thrust engine • 
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6.5 Performance - 500' Lb. Engine 
Figl.!re 22 shows the revised gross weight. This is the same as Figur·e 
6 except for a 1~.9 kg (35 lb.) increase in empty weight jue to the heavier 
engine and the slight increase in wing weight this caused. 
The stan speed, Figure 23, is the same except for the small increase 
due to the heavier weight. 
The rate of cl 1mb, shown on Figure 24, is considerably higher than the 
previous configuration, as expected. The FAR P~rt 23 requirement now exerts 
little restriction. The servlce ceil ings, Figure 25, range from good to outstanding 
with this power plant. 
Figure 26 shows the new top speed. The variation with span and area 
is similar to the previous one, except that the speed levels are higher. Similarly, 
the cruise speed at 3048 m (10,000 ft.), Figure 27,' is much improved with most 
of the configuration..3 now falling above the requirement. The range has changed 
in the opposite direction, Figure 28, and all configurations fall short of the 
requirement. This is not a significant problem, however, since the fuel 
capacity of the selected configuration may simply be increased to meet the 
requirement (with a corresponding increase in gross weight). 
The takeoff ground roll, Figure 29, is similar to the previous one, 
except for the shorter distances. The air distance, Figure 30, is also reduced 
and the minima are less pronounced. The total takeoff distance, Figure 31, 
is greatly reduced and most configurations now meet the 457 m (1500 ft.) 
criterion. 
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The engine change would not affect the landing distance, except for 
the negligible increase we to thl;: higher gross weight; thus, it was not recal-
culated. 
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6.6' Confi9l:..lration Selection 
."., 
)'~ ~ :. 
\~ : - ~ The selec~ion process shoutd maximize cruise speed, range, rate of 
,;~limb, cind s~rvic~_~~Jli6g, ~d minimize stall speed and takeoff and landing 
: , - ~ . _ 1 _ L __ .-,,: - . :: 
/-.~istancf~~- since' coSt is a direct function of airframe and weight, gross weight 
/ :.. ~ .' #.::> ': .. ::.,--':' 
.r· ·shouJ;:d bE'r minimiz-ed. In terms of this study, span should be minimized to 
- , ' .. ' 
minimize we.ight and cost. Area should be minimized to maximize speed and 
dim!? Area and span should be maximized to minimize takeoff and landing 
distances .. In orde~ to reconcile these conflicting effects, the requirements 
were plotted on one graph to define the area in which freedom of s~lection 
existed. The rate of climb graph was chosen for this purpose. 
Figure 32 shows this plot for the 1779 N (400 Ib,) engine. The stall 
speed (VS) curve is the same as discussed earlier; configurations above and 
to the right of it are acceptable. The cruise speed (VC) curve is a cross plot 
of the cruise speed requirement; configurations above and to the left of it are 
acceptable . However, none of the configurations remaining above both these 
curves meet the desirable 1500 ft. takeoff and landing criterion, although they 
do require less than 610 m (2000 ft.). 
With the 2224 N (500 lb.) engine, Figure 33, a much larger area is 
available to select from. The rate of climb (RIC) curve, on the left side of 
'the plot, is not critical. The acceptable area is above the cruise speed (VC) 
curve, below the 457 m (1500 ft . ) landing distance (LOG 1500) curve, and to 
the right of the 457 m (1500 ft.) takeoff distance (T. O. 1500) cu rve 0 Wi thin 
this area, as noted above, span should be minirY'lzed to minimize weight ;, and 
wing area should be minimized to maximize speed and rate of climb . The 
gross weights and ranges for each configuration represented in Figure 33 may 
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FIGURE 32 - Configuration Selection Chart 
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be found from Figures 22 and 28, respectively. Some margin should be 
maintained from the takeoff and V~nding distance boundaries, because the 
gross weight will be increased to provide enough fuel for the required range. 
Note that as long as the rate of climb and takeoff and landing requirements 
are met, stall speed plays no part in the selection, if the full flap stall 
speed is less than 113 kph (70 mph) (FAR 23.49). 
The configuration chosen from this chart has a wing span of 9.75 m (32 fto) 
and a wing area of 11.15 m 2 (120 ft. 2). If the takeoff and landing requirement 
were relaxed to 610 m (2000 ft.), an alternate configuration with a smaller 
.22 WIng of 9.1 m (30 ft.) span and 7.9 m (85 ft. ) area would be acceptable. 
Table 2 lists the performance of these airplanes from the preceding figures. 
Figure 34 shows the selected configuration. 
The selected configuration was further modified by increasing the tail size 
to be compatible with the larger wing. Since it was not necessary to increase 
the fuel supply to meet the range requirement, this final change brought the 
final gross weight to 935 kg (2061.3 lbs.), as shown in the revised weight 
breakdown given in Table 3. The weight and balance calculations were 
repeated. The leading edge of the wing was maintained at the same location 
as the previous confi g..J ration • The most forward c. g. was located at 11 .48% 
MAC, the most aft c.g. was at 31 .84% MAC. These were considered satis-
factory, pending the stabil ity and control calculations. 
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• . t TABLE 2 
PERFORMANCE SUMMARY 
,-
Wing Span ~ m (ft) 
Wing ~rea~ m 2 (ft2) 
. Aspect Rati() 
Gross Weight~ kg (1b) 
St~n Speed ~ kph (mph) flaps up 
Rate of Climb~ mpm (fpm) 
Service Ceil ing ~ m (ft) 
Top Speed, kph (mph) 
3048 m (10000 ft) Cruise ~ 
Speed~ kph (mph) 
Range~ km.cmi) 
(197 • 1 kg (434. 5 Ib ) fuel) 
Takeoff Ground Roll, m (ft) 
Takeoff Air Distance~ m (ft) 
- Selected 
Configuration 
9.75 (32) 
11.15 (120) 
8.53 
933 (2057) 
114 (71) 
313 (1026) 
7254 (23800) 
296 (184) 
261 (162) 
937 (582) 
197 (645) 
246 (807) 
Total Takeoff Distance~ m (ft) to 50 ft. 443 (1452) 
Landing Ground Ron, m (ft) 186 (610) 
Landing Air Distance ~ m (ft) 202 (663) 
Total Landing Distance, m (ft) 388 (1273) 
from 50 ft. 
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Alternate 
Configuration 
9.1 (30) 
7.9 (85) 
10.59 
927 • 1 (2044) 
135 (84) 
321 (1054) 
7132 (23400) 
307 (191) 
270 (168) 
969 (602) 
276 (907) 
291 (955) 
567 (1862) 
258 (847) 
229 (752) 
487 (1599) 
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FIGURE 34 - Selected Configuration 
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TABLE 3 
:" ,;.,;,1,";', ., ::', ..... -::: .:: :. y,,' " Pb1'Sc>2A' WEIG'HT 'S 'UMMARY' . ,' ....... . 
:-".;: . 
., ', , ! ,~;:: 'Y\',' .:. ,. ,,"-'.:.,,:; -' "''''''''(W~i~ht in k!f (1b)) 
-;. -: " "".: ,~ - -" ... ~ , . .; . . ~ • . ~ ; ... , .. ~ ~-" ::""' . .,.~' " ·1-: . • . :-"' . . r....... "0 '~". 
... ",' "." .,... -.- : ':- '.' . 'j 
GRQQP 
I~ • Wing 
. ;-::-:, ::. ." ', ' ~fail 'Surfaces 
Fus~lage 
Landing Gear 
Controls 
Nacelle 
Propulsion 
Instr"'..Jments 
Avionics 
Electrical 
Fumishings 
Dry, Bare Empty Weight 
Paint 
Unusable Fuel 
Licensed Empty Weight 
Payload (Design) 
Maximum Fuel 
Gross Weight 
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WEIGHT 
1~8.0 (238.0) 
21.1 (46.5) 
83.9 (185.0) 
49.0 (108.0) 
20.4 (45.0) 
10.0 (21.9) 
72.1 (159.0) 
10.8 (23.7) 
18.1 (40.0) 
22.7 (50.0) 
45.4 (100.0) 
461.4 (101701) 
3.6 (8.0) 
2.7 (6.0) 
467.7 (1031 .1) 
272.2 (600.0) 
197.1 (434.5) 
937 (2065.6) 
.... .. 
:o:·l· . 
:" ~. ,' ... 
~ .' 
6.7 Stabil ity and Control 
The longitudinal static stabil ity and the longitudinal control character-
istics were calculated by the methods of Reference 5. There is the possibility 
that the flow induced by the engine exhaust might affect the tail, thus causing 
trim changes with power. It is felt that with the low exhaust velocity of the high 
bypass ratio engine this would not be a serious problem. This is obviously a 
matter of judgement and the question would be resolved by wind tunnel tests. 
The equivalent effective area of the vee tail for stabil ity calculations is taken 
from Reference 6 as 
2 
SH = S cos r vee 
since 2 2 Svee = 3. 58 m (38. 52 ft ), and 
r= 400 
2 2 
SH = 2.10 m (22.60 ft ) 
For longitudinal control, the effective area is the projected area: 
l~ 2 2 SH=Sveecos =2.74m (29.51 ft) 
Stability. - The stability of the airplane is the sum of contributions of 
the tail, the fuselage, the powerrolant, and the c.g. position. Since the power-
plant of this airplane is close the the c. g., its effect on stability is assumed 
to be negligibl e . 
The tail contribution, stick free, is given by 
at = .058 
a =.1078 
w 
- _ SI)- ~ _ 22.60 
V - 5 x MAC- 120 
62 
144 
x -- = .6028 45 
Th..as 
t deM ' 
= -
deL tail 
TJ t = .9 (assumed) 
:: = .22, (1 - ::)= .78 
t = .6 
Ch
b 
= - .01166 
( 1 - t Cha) = • 7288 
chb 
·.~~~8 x .6028 x .9 x .78 x .7288 = - .1659 
The fuselage contribution is found from the integral 
- =-- w - dx dM q f 2 d/3 da 36.5 f do 
The integral was evaluated numerically: 
,,£w/ ~~.lx = 147.211 
dM 
do. 
qSca 
w 
147.311/36.5 
=--....,;.-.....;...----120 x 3.75 x .1078 
= .0832 
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The stick free neutral point, or the c.g position at which the s~abi1ity 
is zero J or neutral, is given by 
where 
th.Js, 
dCM 
No =A.C. -E ~
L 
= .25 + .1659 - .0832 
= .3327 MAC 
The most aft e.g. from loading considerations is at .3184 MAC, 
therefore, this is satisfactory. 
Control. - The elevator power is given by 
eM = - a V l'J t 
ott 
v = 29.51/120 x 14j45 = .787 
CMb = .058 x • 787 x .9 x .6 = - .0246 
For the GA(W)-1 .... !rfoil with no flap (Reference 2) 
o 
nr--.L = - 4 J C = - • 1. cI = 1. 77 
-'" mac max 
o With a .30 c Fowler flap deflectej 40 , (Reference 3) 
o 
°OL = -20 , c = -.8, cI = 3.80 
mac max 
~a = -160 , Ac - -
OL mac .70 
the flapped at"ea elf the wing (bf/b) is 
s = .8385 S flap w 
64 
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Therefore, fo.r the three dimensional wing: 
. 0 
n = - 4-16 x .8385 = - '7.4 OL 
c = - • 1 - .7 x .8385 = - .6870 MAC · -
and from the parametric landing program: 
CLMAX = 2.861 
The elevator angle for zero lift is given by 
C i i ~ = _ MA.C (aol - w + t) 
eo C y 
M6 
i = i = 0, therefore, 
w t 
~e = - .687 + 17. 4 
o .0246 .6 
o 0 
= - 27.9 + 29 
= 1.10 (trailing edge down) 
The maximum stability level for stall is 
.0246 
= (1 • 1 + 25) 2. 861 
= .2244 
Tt-us the most forward c.g. allowable is 
.3327 - .2244 = .1083 MA.C 
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~ .. , Since the most fol'War'd c.g. position is .1148 MAC, this is satis-' ~ 
,- - ~ - . 'factory. Note that this is sufficient elevato,. />OWe,. to stan out of 9l"OUnd \ ' -
effect, not on landing. Many sman air-planes ar-e not capable of stalling at 
fol"War'd c. g. With fun flaps, even out of gl"OUnd effect, and this is not an 
operational Problem. 
Later-al, dir-ectional, and dynamic stability analYSes ar-e not gene.-
ally run until a later stage of the project (if at all). 
. '- .' , . . . ~~~-~s£J;c-: 
--' - .' , ,, ... . ~~ . 4-:' : ... ~ . 
.... . - -
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6.8 Structural Arrangement 
-
Figure 35 shows a typical initial layout of the major structural ele-
ments. No loads have been calculated or members sized and conventiOi \al 
aluminum construction is assumed. 
Fuselage. - Since the wing chord has been increased and the wing has 
. been shlt'ted aft~ the main spar is no longer at the rear doorpost~ running 
under t~e front of the rear seat as was first assumed. The main spar carry-
tnl"lJ structure now passes under the back of the rear seat. The main spar 
carrythru structure carries the wing bending moments and the main gear 
attachments. It can be constructed either of extruded caps and vertical 
stiffeners with sheetmetal webs and forged landing gear sockets, or, if a 
large numerically controlled mining machine is available, it can be a single 
large forging. Since the carrythru i~ located in the middle of the rear win-
dow, the vertical shear loads must be carried by the skins forward to the 
doorpost frame. Wing torsion loads are carried by fore and aft fittings. 
The main engine-mount is carried by the aft cabin bulkhead. The 
stabil izing link is attached to a fore and aft beam on the top centerlir:o • This 
mounting structure should be stressed for about 25 g's in a forward and down-
ward direction for crash protection of the occupants. This should not be too 
difficult since the engine is very light. 
The last two tailcone bulkheads c=.rry the tail surface attactvnents. 
The aft bulkhead carries the bending loads and the next bulkhead carries the 
torsion. The aft bulkhead also carries the tailskid/tiedown fitting loads. 
The tail cone skins are simple flat wrapped sheetmetal. An analysiS would 
be required to determine the need for' stringers. These could be bent up on 
th"" edges of the skins if the panel curvature is not enough to stabilize the 
skins. 
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FIGURE 35 - Structural Arrangement 
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FIGURE 35 (Concluded) 
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-The nose, from the -forward cabin eulkhead forward, could be a sim-
~ 
ple plastic fairing; however, a metal structure is preferred -to provide mat-
erial for crash e.nergy al?sorption, in spite of the higher cost. An additional 
- -
baggage compartment ~ould be located there to make use of this space. 
Wing. - Bending loads are car~ied by ~ main spar, which is located 
.~ \ . 
at 40% chord. The inPoard portion of the spar is an extrusion with tapered 
caps while the outboard portion is a simple sheetmetal channel. The aft 
~ -
spar closes out the flap bay ar:id .supports the contrdl systems. The forward 
spar is provided to achieve another shear fitting and or .ly extends outboard 
one bay, to the inboard end of the fuel tank. 
The fuel tank is a sealed portion of the leading edge. A closeout spar 
is provided ahead of t .... e main spar which el iminates the need to seal to the 
tapered extrusion. The fuel tank can thus be assembled, sealed, and tested 
as a unit. 
The long travel of Fowler flaps require correspondingly long support 
tracks. If these tracks are ..}xtemal to the contour, they require large fdr-
ings and are objectionable from both drag and appearance standpoints; there-
fore, they are contained as completely as possible within the wing contour. 
This requires splitting each wing flap into two segments, with the roHers 
on the ends riding on three tracks. Since the wing is not tapered, the fou r 
flap segments could be identical and interchangeable. Each segment must 
be actuated at each end to avoid binding in the tracks, therefore, three bell 
cranks are required in each wing. A major design problem associated with 
this type of flap is the support of the slot lip to maintain the proper gap. 
Possibly, the simplest solution is a sandwich type construction using a high 
density, poured in place, foam core. 
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• The spoilel"'S are of triangular cross section for maximum tOl"'Sional 
. and bending stiffness. These can be folded from single pieces of sheetmetal 
with, hinge ,provisions ad,ded at each rib. 
" 
-',':" \ T~n, sur.fa~~s. -The stabilizer aft spar is a sheetmetal channel, with 
·doublel"'S in the inboard end as required to carry the bending loads; the root 
-, fitting is a forging. The forward spar transmits the torque and is only half 
span. The skin is one piece. 
The elevator (0":' ruddervator) also features a one piece skin, either 
wrapped around the leading edge and riveted at the trailing edge, or folded 
at the trailing edge ,and rive~ed to the spar at the leading edge. The control 
hom at the inboard end is a steel weldment. A trim tab is provided on each 
elevator and the mass balance weights are incorporated in the tips. The 
stabilizers, elevators, trim tabs, and tips may be made identical and inter-
changeable. 
All extremities of the airplane - the nose cap, tailcone fairing, wing 
tips, and tail tips, are made of plastic, as well as other fairings such as 
wheel fairings and wing fillets. Whether these are fiberglass layups or 
thermoformed ASS would depend on the capabilities and economics of the 
individual factory. 
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:-6.9 Cost~ 
Aircraft costs were examined for development and certification, 
. !{,-;, 
production, initial prici(.};, and annual operations. Cost analysis methodology 
for ~stimating development arid pro_wction cos ts employed the contemporary 
AMPR (Airframe Manufacturer's Prowction Responsibility) method in dete~ 
mining a parameter to which direct labor manhours could be associated 
through engineering and manufacturing historical experience • 
.TheAMPR weight method f~r associating manufacturing manhours has 
been found to be a cot 'venient and reasonably accurate method for predicting 
costs in the I=' ~ -eliminary design process. During the.program definition 
phase, Just J:rior to launch of a new airplane development, most manufacturers 
will develop det~!.l~~ task and manhour 3chedJles to which specific skills and 
organizations are as.3igned. With this information a more accurate and 
time-phased cost analysis can be made. 
For the present analysis, the detail methodology used is presented in 
Appendix C. Only the selected contemporary design aircraft described in 
previous sections was evaluated for cost. Development, production, and 
operations cost were based on constant early CY '77 jollars. Production 
costs were based on cumulative average rrianhours of a mature manufacturing 
operation wherein minimum manhours per unit weight of Aty\PR weight were 
achieved. Operations costs were based on conventional estimating techniques 
used by the General Aviation Industry. 
A sUrY'!'nary of Development and Certification Costs is presented in 
Table 4 showing the major items of costs within Engineering, Tooling, 
QuaUty Assurance, and Manufacturing. In the latter case, manufacturing 
involves construction of only prototype and structural test articles. 
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TABLE 4 
DEVELOPMENT AND CERTIfiCATION. COST 
(Early CY17 Qol-lars) 
~ . . ( .:'.' ' , . _ ,1 
,, ~ Eng1,neer.ing · ,_,: ,'., ".: ' ':" . ". ' " :" ". ,"." . ',' .~._.i., 
. .- . -
•.•.. L;~._:; T"" '£ng-1rieEH'ing 'Bufderied Labor- ',0"', .-I· '~"~ '· ' .. ;,. $ L308,'288 
. ~. . 
.. -lo ~.",.; ' ' ' ':''. ~ -:: .. :.:-.Lr ..... l -~. or ... . " 'l ... ~.: .... ,~ .... ).i-. ;:.,.:!., .. ;, ... .. --Y.'., . •• ~;~ ... \. .. \.,.. \ .... <: .... : ~, ":1:---':'" 
'. . Special M~terials & Purctia.s·ea 'Services ' ." - . "250 ;000 
• - ::........ .~ ...... !.. ' ;" ,{..:..:: ·<1': "J~ I " .... '!.'" ~: ";" ;)'-: ,;r/' _ 
FliQht Testin~ (500 Hours) ..... ,25,000 
. . 
. .~ ~ ... 
Tota 1 ·Engi neering Cost . 
.' . I' 
-:: ! •. 
' (jverhead '.' . . 
.' . 
Materials 
Total T~oling Cost 
Manufacturing (1 Prototypes; 2 Test Articles) 
Direct Labc~ 
Overhead 
Material s 
Quality Assurance 
Direct Labor 
Overhead 
Total Manufacturing Cost 
< • 
. $ 1-,583,288 
$ . 392~889 
'. 404,67,5 
96,612 
".$ 894,177 
$ 63,780 
86,103 
22,172 
$ 172,055 
$ 
=" 
30,093 
40,626 
Total Quality Assurance Cost $ 70,719 
Total Development & Certification Cost 1.2,720,239 
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.' ' .. ,: .. . .. ~. ~ 'f ( ' .. !':~.;.:;. l.f~.' ~ .~I. . I'" ......... ':. ~ .' ••• ";~,~,, 
Production Unit Cost arid EStimat~G P ricing are j Jresented in Table 
.".. - • "\ . ;: '-, - ,'I.: ' .. 
5. Th~ m~ner o~ pres'~~'tatio~ ~f the~e c:o~ts in T~·l~··~~~;;:;:~;;~f~·.~f· ~~~~ :.- -"""-~ 
• , ... I " r . '. ", ' " ~ . . . " "I 
estim atiC?n m~thod. Out-the-Factor.y~.r .cQ~PJ . coS;S , incl~~~/ P.~CuC~i~·!J 
Uliit C9sts 1 Period Costs ' .< ¥ld X'{~rr,~~~:.R~s~r,~~ '4~hic", ~~.ti~timat~<;t ~" 
a percentage of Proructi8n Unit c:x>st. 
~ - I -,< 
'" 
.. "'", 
•• '1 •• 
.. 
" . 
".: .:, 
. . :''', 
f ';-~ "'-.;;;,', ~ ~ .' \· .-;~i':-~--L~lt ,)!~':f\!~~;'-~".; · 'r£. ':: ·· • .:.~{1·: . " - ~. . ..... ~',; -Aircraft estimated pric.e is shOwn at t~e bottom of Table 5 both with 
and without amor.tization of develcprrlent costs ~ . The e§timated price does 
. n'o1: inelude add-on ·equlpme~t. W~.it~~6fr '~f:: ~~\i~l~p.rh~fi1: -a&tf§ . \;/~~t~s;~i~ety 
--:' .. ;0 "i.;:"')'t -:- -; .~~ .. :~.h -.. ' ..... : .' _:. :~" '~',:~. '<l: ~ ~ .. ~ .... ~.:~'~ . -. ,.;.;~~ .. .; .. - ~;;.::~,.;. . ').:,,,;" ,; .. "';!'~ .• ":"'~~~~~ ;~;f:- ~.~ .. >t;'.,., ,,:~- ..• ,,;_. ~ •. :.,.: ~~:,..... '.. .;1; ... · . 
am6'r.g "fl::l~ufa~turers dep'e~qif.:lg O:!1 ~hei.~/inariei~~.l_ f:'~~ltt:1j,·.~t~ .. :r:!?a.rk~t, ~d 
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man~~,~rr~nt decisions. For·.~i9h ~erf~r~~C~" bl1sine.s1:.~7-~ .. 'j~,!?l~es 
development costs may be writt~n 9ff ov~r. oh.ly ~""" ~ 00 l:I<t:1~ts 1 V/hile in small 
'.. '. • ••• ..... • - \". -. • • " • , ,. . ""'i: .. ' " 
aiN?reft it may be over several thousand units. In some instances initial 
pricing 01'. medium twin-engine aircraft have been established to provide 
development write-off over only 15-25 units. For this study 3000 units 
was assu, ned. 
. () 
Estimated Cost of Operations are presented in Table 6 showing 
breakdown of Variable and Fixed Costs. Costs shown are for ·an annual 
utilizati'on based on engine manufacturer's entimated costs for the engine 
. , :, 
desiQn employed. 'Estimated TaO versus utilization is listed as follows. 
Annual Estimated 
Uti 1 ization TBO 
(Hrs/Yr) _ (Hrs) 
75 1125 
100 1475 
150 2100 
200 2575 
... 
250 ~75 
300 3000 
74 
TABLE 5 
PRODUCTION UNIT COST 
(Early CY77 Dollars) 
Manufacturing Materials 
Engine 
Basic Avionics and Other 
Manufacturing Direct Labor 
Manufacturing Overhead 
Quality Assurance Direct Labor 
Quality Assurance Overhead 
Total Production Unit Cost 
ESTIMATED PRI CE 
(Mid-FY77 Dollars) 
Production Unit Cost 
Period Costs 
Warranty Reserve 
Gross Ma rgi n 
Total Price (W/O Amor~ization 
of Development rests) 
Development Amortization 
Total Price (Includin~ 
Deveiopment Amortizatlon) 
75 
$12,500 
5,418 
2,846 
4,554 
302 
483 
$26,103 
$26,103 
2,610 
522 
15,742 
$44,977 
907 
$45,884 
4 de p 
TABLE 6 
COST OF OPERATION 
(Early CY77 Dollars Without Amortization) 
At 200 hrs/yr. 
Total 
Total 
Tota 1 
Tota 1 
Purchase Pri ce 
Cruise Speed 
Mi les Per Year 
Variable Cost/Hour 
Fuel & Oil [ (18.05 X .67) + .60J 
Airframe & Avionics Maintenance Reserve 
Engine Overhaul ~nd HSI 
Parking/Landing Fees & Spare Parts 
Inventory 
Total Variable Cost/Hr. 
Total Variable Cost/Yr. 
Fixed Cost/Yr. 
Depreciation 
Crew 
Insurance 
Hull 
L i a b i 1 ; ty /~1ed i ca 1 
Hangar/Tie Down 
Navigation Materials 
Ai rways Tax 
Total Fixed Cost/Yr. 
Operating Cos t/Yr . 
Operating Cost/Hr . 
Variable Cost/S.M. 
Operating Cost/S.M. 
------.. --- --~ - --- ._- ----
$ 44,977 
$ 
S 
162 MPH 
32,400 S.M. 
12 . 69 
8.40 
2.00 
1. 17 
24 . 26 
$4852.00 
S 4,498 
0 
360 
325 
450 
100 
25 
$ 5,758 
$ 10,610 
S 53.05 
S . 150 
~ 
.328 
. ' 
u 
f------------'------I 
For annual utilization under 75 hours per year, overhaul would occur 
every seven years. Overhaul cost is based on 40 percent of original engine 
cost. 
Depreciation 1S based on an 8-year period with value diminishin!it on 
a straight line basis to 20 percent. Other cost factors of variable and fixed 
costs are det~rmined by conventional estimating methods. 
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7.0 GASP AIRPLANE DESIGN 
7 • 1 Iterations and Evolution of the Design 
The design process using GASP is started from a 3-view drawing and 
a baseline definition of the aircraft. Depending on the level of technology 
employed, those items which can be defined as known or required are iden-
tified. For example, if a known landing gear, engine or wing planform is 
to be used, these items are input as fixed and will not be varied or scaled. 
If performance items are identified as requirements, these, too, are fixed 
and the final design will be sized to meet these constraints. The 3-view is 
used primarily to define the geometry and provide a valid starting point. 
The design process utilizing the GASP program was initiated by dupli-
cating the geometry and component weights of the PD1502 design of section 
6.6. This was dane to calibrate the coefficients in the weight trend equations 
to represent this class of aircraft. 
The PD1502 iarcraft was used as the starting point for this de", ign exer-
cise. The aircraft was sized with the following constraints, some of which 
were carried over from the previous Garrett study: 
Airframe requirements: 
1) Cabin size fixed (4 seats) 
2) Fixed equipment weight 97. I Kg (214 Ibs.) 
3) Design ,. ayload (2 passengers + 1 crew) 272 Kg (600 Ibs.) 
Mission requirements: 
1) Cruise @ 3048 m (1000 ft.) @ 241 KPH (150 MPH) 
2) Range 1482 Km (800 NM) with 45 min. reserve 
3) Takeoff and landing distance = 610 m (2000 ft.) 
78 
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Engine requirements: 
1) GaN'ett small turbofan engine 
2) Engine cost 25$/lb thrust 
3) 3000 Hr. TBO 
All other aspects of tne design could be varied as desired. The base-
line aircraft defined by the GASP program with these constraints and the 
PDt502 geometry is given in the computer output in Table 8 (Run 1). 
'. 
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., .2 SensitivitY Analysis 
After the various weight coefficients had been selected to represent 
the baseline aircraft, those pertinent parameter5 which may be scaled were 
varied throuyhout their practical range to determine the effect on the design. 
For the sensitivity study, the baseline aircraft was varied for takeoff 
and landing distance, aspect ratio, wing loading, thickness ratio, wing sweep, 
incremental weight and drag, and mission range. Table 7 shows the ranges 
of data investigated for these variable parameters. It was determined during 
the coursP. of the study that the flap methodology was only good up to an aspect 
ratio of 12. Several runs, including the final run, were made at aspect ratios 
beyond this value; in these cases, the results reflect an aspect ratio of 12. 
TABLE 7 .-VARIABLE PARAMETERS 
Parameter 
~---.~spect Ratio 
" . Wing Loading 
Thickness Ratio 
Sweep 
oOL 
~ Weight 
I ~~ Drag 
Range 
6 - 16 
97.6 -146.5 KG/M2 (20 -30 Lb/Ft2 
8 - 21% 
_5° - 10° 
-3.90 _ 0° 
::!: 45.4 KG (100 Lb) 
~ 30 Counts l ____________ ~ _________________________________ __ 
~ By comparing various criteria such as gross weight, wing area, mission 
fu el, static thrust) cost-; etc., as affected by changes in the variable parameters, 
the sensitivity of the desigh can be evaluated. Likewise minimum or maximum 
points can be determined if they exist in the tested range of the para~eter. 
Table 8 lists the parameters tested and the effects compared to the baseline 
design. 
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TABLE B.-GASP DESIGN ITERATIONS 
AR LOADiNG RATIO SWEEP DISTANCE /lIlT lICD LIFT RANGE THRUST AREA WEIGHT FUEl. COST I I WING THiCKNESS T .O./LOG a ZERO SLS T WING GROSS HISS:O~ --- -~~--t-Lb~iFt;-- -~--- ~------ --neg-- -----Ft~--- ~-Cbs--- -Counts-- --Oeg--- ---~M---- ---Cbs-- --Ft~-- --l-b;-- ----Cbs--- ----~----
) I 12 I 25 I J7 a I 2000 0 a -3.9 800 441 1'4 .. 4 2110 463 27918 
;2 I 25 17 0 1750 0 0 -3.9 BOO 540 BO.9 ZZZZ 508 33075 
:2 I 25 17 a 1500 a 0 -3 . 9 800 700 95 . 5 2388 569 414~2 
10 I 25 17 0 200(l 0 0 -3.9 800 456 8S.1l 2144 490 ,!I(j20 I 
S I 25 17 f) 2000 I) 0 -3.9 800 SOl 8B . 9 2222 537 30935 I 1 6 1 25 17 a 2000 a a -3.9 800 565 93.4 2334 603 3426! 
, 14 25 17 0 200n 0 0 -3. 9 800 143 tl4.3 2107 454 2!1,W; 
'I 15 I 25 17 a 2000 0 0 -3 . 9 BOO 44!l 84.6 2116 451 2S4~2 
I t' 20 17 a 2000 0 a 3. 9 800 415111 2222 4r.2 0621 
I 
12 25 17 0 200U 0 0 -2 . 0 800 493 86.9 2174 4119 306152 
12 25 J7 0 20CO 0 a 0 800 SSB 119 . 5 2238 51J 33990 
12 I 30 17 0 2000 0 0 -3 . 9 BOO 562 . 72 . 4 2171 ~07 3) 5!14 
~e) i I 12 I 25 17 0 .1000 0 0 -3.9 BOO 458 85.1 1121i 468 28773 I 
I 12 25 21 0 21)00 0 a -3.9 800 4·~6 34.3 2108 470 280:4 
1
12 I 25 II 13 a 2000 0 a -3.9 1100 531 89. 5 <:237 505 32Bltl 
12 I 25 OB 0 iOOO 0 0 -3.9 nno 72U 100.4 2510 589 A34';l 
12 I 25 17 -5 2000 0 0 - 3.9 801) 461 85 . 1 ' 212'3 469 22934 
12 25 17 +5 2000 0 0 -3.9 BOO 461 ClS.2 2130 470 28953 
12 I 25 I 17 10 ;1000 0 0 -3.9 800 475 86.5 2162 4116 29779 
12 25 17 a 2000 -lO a -3 . 9 GOO 449 83.3 ZOH2 460 ZA016 
12 I 2S 17 0 7. r. ():J +20 0 -3 . 9 noo 467 86.3 2169 475 2'J518 
i? 2J I 17 0 2000 50 a -3.9 900 479 89 . B 2246 494 305iS 
12 1?5 17 0 ZuO\) 100 0 -3 .9 aOI) ~oo 91. 7 2 J~?' S D ~ 37.·1 60 
12 ~~ J7 (l ;>"on <'l 0 -3 .9 80n , ~37 B:i .8 2021 4~2 26931 
I 1~ I 25 if 0 2000 - 100 0 -3.9 600 I 4:r. 76.4 1~ ! 0 433 250·:7 
1
!2 I 25 17 0 2000 0 +10 -3. 9 BUO 1, &4 8b . 1 2153 483 291 ~ 6 
~? I 25 1; 0 2~CO a 20 -3 . 9 1'00 472 87 . 7 2:94 508 29653 
12 I 25 I 17 0 7 ')0 0 30 -3.9 801l 4!17 88 .9 2 2 ~ 2 521 30se3 
12 25 17 a 2 , ~0 a -10 -3.9 800 452 84.2 2105 457 2r. ! ,:0 
12, 25 17 0 I 2030 0 -20 -3.9 800 447 83. 2 208l 443 2eO~2 
it I 25 17 0 20(10 0 - JO -3. 9 1100 443 82.6 2065 435 Z73·1!,l 
'.2 I 25 17 a I 20:)0 a 0 -3 . 9 400 377 69. 1 !72S 220 23717 
i: ;:5 , 7 0 I 2000 0 a - 3.9 479 391 72.0 1800 265 246CS I 
12 I 25 17 a I 7t100 0 0 -3 . 9 6('0 414 76. 5 1912 336 760 i4 
12 25 J 7 0 2000 0 0 - 3.9 700 436 80.7 2016 401 7.7386 
12 I 25 17 0 2000 0 0 -3 . 9 900 482 90 . 3 2258 550 303·:0 
J2 2S 17 a 2000 0 0 -3.9 100.; 510 95.5 238f 629 32133 ....!2.~ ~. 21 (J __ I __ ~OOO [ 0 a -3 . 9 800 411 I 94.2 2120 ' ~56 267081 
~~ 
8~ ,.,~ 
~'O §~ 
1t should be noted that the baseline design changed slightly at Run 
No. 21. The new baseline parameters are shown in Table 8. At this point 
a keypunch errol" had occurred in defining the parameter VKTIN in the flap 
definition. The original baseline used VKTIN = 80 knots and runs 1 through 
20 were made using this value. In Run No. 22, VKTI N = 60 knots was used 
and this value was carried through Run No. 45. When the errol" was discovered, 
a new baseline run was made with this value of VKTIN and the baseline 2 
aircraft was defined. The actual differences between the two baselines are 
small and it was not deemed necessary to rerun the sensitivity studies. The 
data from Runs 22-45 is compared to the baseline 2 aircraft. 
Three design criteria were chosen to evaluate the effects of the 
variables on tI .... e design. These are gross weight, engine static t"'lrust, and 
retail cost. Plots of the effects of the variable parameters on these criteria 
are shovvn in Figures 36 thru 38. It can be seen that the trends of most of 
tile variable parameters do not show minimum or maximum characteristics; 
hcvvever, aspec-:. ratio, wing loading, thickness ratio and sweep show either a 
minimum value or at least a flat trend. Wing sweep effects are nearly flat 
for small sweep angles. Aspect ratio and thickneSS ratio show a flattening 
trend at higher · values without a well-defined minimum in the range tested. 
Wing loading, however, not only shows a definite minimum, but the optimum 
wing loading is different for each of the criteria of gross weight, static thrust 
and ,~ost. 
A second design point was optimized which matches closely the 
PD1502A design selected in Section 6.6. The only differences from the 
requirements of the first design are in the mission performance crite ria. 
These new performance criteria wert; : 
Range = 885 KM (479 NM) (550 SM) with 45 min. reserve 
T a keoff and landing distance - 457 M (1500 F t .) 
82 
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Based on these new constraints, a second sensitivity study was made. 
This study was more limited in scope and involved only the variable parameters 
of wing loading, aspect ratio and thickness ratio. Table 9 lists the results 
of the sensitivity study. The plots of the effects on the criteria of gross 
welght, static thrust and cC)st are shown in Figures 39 thru 41. Although 
wing loading tends to reach minimum values, these curves are somewhat 
flatter than the corres~onding ones of the previous ser sitivity study. 
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CD 
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I ASPECT 
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50 (Baseline) 12 
51 12 
52 12 
53 12 
54 12 
56 12 
57 12 
60 10 
61 8 
62 Final 12 
-
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TABLE 9. -GASP ITERATIONS 
WING THICKNESS T. O. /LDG SLS WING GROSS MISSION 
LOADING RATIO DISTANCE RJl.NGE THt<UST AREA WT FUEL COST I 
-------- ---------- ----------- --------- ------- ------ ------ ---------
-------
Lbs/Ft2 % Ft S.M. Lbs Fe Lbs Lbs $ (479NM) 
25 17 1500 550 581 78 , 0 194£1 309 34245 
25 21 1500 550 557 76.6 1916 302 32877 
25 13 1500 550 685 82.4 2060 337 39838 
25 8 1500 550 985 94.7 2369 414 56040 ' 
30 17 1500 550 747 67.5 2026 345 42213 
22.5 17 1500 550 516 86.4 1944 299 31313 
20 17 1500 550 456 97.4 1948 293 28674 
25 17 1500 550 599 78.8 1971 324 I 35124 
25 17 1500 550 634 80.3 2007 345 36789 
20 21 1500 550 437 95.8 1916 287 27573 
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7.3 Final Design Configuration 
The final design point selected for each of these two optimizations was 
based on retail cost. The following values were selected to represent the final 
desig,) and the data input for the final design computer run: 
Takeoff Distance 610M (2000 Ft) 45TM (1500 Ft) 
Range 1481 KM (800 NM) 887 KM (479 NM) 
Wing Loading 110 KG/M2 (22.5 PSF) 97.6 KG/M2 (20 PSF) 
tic 21 'Yo 21 'Yo 
AR 13 12 
The final designs based on these criteria are described by the GASP output 
shown in Tables 10 and 11. (Run No. 's 46 and 62, respectively.) 
TABLE 10.-GASP FINAL DESIGN (RUN 46) 
Takeoff Gross Weight 
Wing Area 
Sea Level Static Thrust 
Mission Fuel 
Retail Cost 
2 Passengers + 1 Crew 
Wing Loading 
Aspect Ratio 
Thickness Ratio 
Sweep 
OL 
Takeoff and Landing Distance 
Cruise Altitude 
Cruise Speed 
Range 
91 
962 KG (2120 Lb) 
8.75 M2 (94.2 Ft2) 
1828 N (411 Lb) 
207 KG (456 Lb) 
$26708. 
109.9 KG/M2 (22.5 Lb/Ft2) 
13 
21 'Yo 
00 
-3.90 
610 M (2000 Ft) 
3048 M (10000 Ft) 
241 KPH (150 MPH) 
1481 KM (800 NMI) 
-TABLE 11.-GASP FINAL DESIGN (RUN 62) 
Takeoff Gross Weight 
Wing Area 
Sea Level static Thrust 
Mission Fuel 
Retail Cost 
2 Passengers + 1 Crew 
Wing Loading 
Aspect Ratio 
Thickness Ratio 
sweep 
OL 
Takeoff and Landing Distance 
cruise Altitude 
cruise speed 
Range 
92 
869 KG (1916 Lb) 
8.90 M2 (95.8 Ft
2
) 
1944 N (437 Lb) 
130 KG (287 Lb) 
$27573. 
97 .6 KG/M2 (20 Lb/Ft2) 
12 
457 M (1500 Ft) 
3048 M (10000 Ft) 
241 KPH (150 MPH) 
887 KM (479 NMI) 
8.0 COMPARISON BETWEEN THE CONVENTIONAL 
AND GASP DESIGN PROCEDURES 
8.1 Introduction 
The conventional design sensitivity studies calculated a series of gross 
weights for aircraft with various wing spans and areas as shown in Figure 6. 
Using the weight coefficients determined fm' the GASP baseline aircraft along 
with gross weight, wing span and area from Figure 6, performance calculations 
are compared between the conventional analysis and the GASP progr"am. It 
should be noted that the aerodynamics and certain performance constraints 
used in the GASP runs were not the default aerodynamics of GASP, but 
rather were the default values used in the previous Garrett study. Table 12 
shows the specific comparison points selected and the valt.:es of input data 
to the GASP program. To evaluate the performance methodology, the GASP 
output is used directly and plotted to the same scale and format as shown in 
the corresponding plots of the conventional analysis. All of these comparisons 
are for a 400 pound static thrust engine. Table 13 lists the data from GASP 
w3ed in the following plots. 
Flaps up' stall sl Jeed, Figure ' 42, shows the same trends as the conventional 
analysis, Figure 7, and gives substantially the same speeds as a function of 
wing area and span. 
The takeoff ground roll shown in Figures 43 and 16 has the same trend, but 
the distances predicted by GASP are longer than those of the conventional 
analysis. Total distance to 15 m (50 ft) does not exhibit the same curve shape 
for the two methods, nor do the distances agree. The conventional method, 
Figure 18, shows a definite minimum as a function of w ing area. In Figure 
44, the GASP method does not exhibit this characteristic but continues to 
reduce with increasing wing area. The distances calculated by the GASP 
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program are from 20% to 80% longer than the conventional analysis. In the 
takeoff and landing calculations, better agreement would have been obtained 
by inputting the same speed margins, time delays, and load factor require-
ments into GASP as used in the conventional analysis. Input parameters are 
available for doing this, however, the Garrett values were retained. 
The GASP cruise, Figures 45-48, do not compare directly to the conven-
tio!"lal analysis cruise of Figures 11-14. At the time the study was performed, 
GASP did not calculate V max directly could it perform a cruise at a fixed 
power setting such as maximum cruise thrust or maximum thrust. GASP 
cruises were limited to fixed cruise Mach number for a given altitude. 
Maximum range cruise data of Figures 46-49 is calculated by computing 
cruise at several speeds, and crossplotting to determine max range speed. 
Figures 49-52 show the specific range plots for the various combinations of 
wing span and area. 
Figure 63 shows the range capabil ity of these various design points as 
a function of wing span and area for the design mission of 3048 m (10,000 ft) 
cruise at 241 kph (150 mph). The mission fuel for the GASP analysis is 
dependent on the gross weight, whereas the conventional analysis uses a 
fixed fuel available. 
Landing distance of 15 m (50 ft) is shown in Figure 54. In contrast to 
the takeoff distance, the GASP method produces values significantly closer 
to those of the conventional method, with the variation being from 10% to 25%. 
This, again, is due primarily to the GASP inputs retained from the Garrett 
study. 
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TABLE 12.-METHODOLOGY EVALUATION POINTS 
(400 Lb. Thrust Engine) 
Wing Area 
.. Ft2 
400 
267 
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Gross Weight 
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2006 
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Wing Loading 
Lbs/Ft2 
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8.89 
13.35 
17.89 
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Retail cost is shown in Figure 55 from the GASP analysis. Explanations 
for the higher retail cost predicted by the conventional method are covered in 
. 
detai-l in Section 6.9 and Appendix C . 
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8.2 Items Covered by Conventional Process 
and Not by GASP 
At the time the study was done, GASP had no stability and control 
analysis and har jled tail sizing by volume coefficients only. - This is a 
. 
definite shortcoming of the GASP method. At present, volume coefficients 
must be computed exten1ally and input into GASP. 
rIn b K;: G/\SP performance analysis for this study, constant power setting 
_ r- _ 
cruise was not available nor was the determination of V max· Both of these 
. 
are r"lee essary in the analysis of a new airplane. Likewise noise calculations 
are not. made in the analysis and should be included. 
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8.3 Items Covered by GASP and Not 
by the Conventional Process 
The biggest single advantage of the GASP analysis procedure is that every 
design iteration meets an the requirements and constraints placed upon it. 
Therefore, every point that yields a solution is a potential design of the desired 
aircraft. This makes the process of optimization much simpler and quicker 
since every iteration exercises an cf the disciplines included in the program. 
The conventional process cannot do this optimization in anything approaching 
the time required for GASP to handle the volume of iterations required. 
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8.4 Areas of Disagreement 
In general, the methodologies are valid and the mathematic calculations 
are correct. The deficiencies occur in the limitations and assumptions. 
For some ·.)f the default parameters, particularly the weight factors, 
there is some r:iifficulty in selecting the values to be used in the program. 
After the wing wuight factor was calculated by the conventional method for 
the PD 1502 airplane, the wing weight factor was cycled until the GASP 
calculated wing weight matched the hand calculated weight. 
Other specific areas of disagreement have been found in the GASP 
program: 
If the wing chord is reduced below 1/10 of the fuselage length, either 
by high aspect ratio or long fuselage, the program will not run. 
There also appears to be some problem in the Part 23 rate of climb 
require ment. FAR 23.65 gives the takeoff climb requirement of 300 fpm 
or 11 .5 V SI (Kt) with takeoff flap and gear extended. The landing cl imb 
gradient requirement from FAR 23.77 is 200 fpm or 5.75 V SO with takeoff 
power, lanaing flaps and gear extended. 
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8.5 Recommended Improvements to GASP 
The GASP program is a large and complex routine and requires large 
computer storage capability. GLC was forced to divide the program into nine 
modules to allow using it with the IBM 370 system available. Similarly, it 
required GLC about two months of full time effort to get the program operational 
and to reproduce the check cases. Some of this time could have been saved 
if tht='~? were a comprehensive user's manual available. This manual is 
necess.:lry not or-:l.y for initial start up, but also for r€.current usage. This 
manual should include discussions and examples of the options available 
together with explanations of interaction between and among the various 
subroutines. It is presently very difficult to follow the logic flow as the 
various options are exercised. 
In addition to the user's manual, a comprehensive technical documentation 
of the methods used is mandatory to evaluate the suitabil ity of the GASP 
program fo '~ the particular appl ication. The documentation should include 
the theories used and the as::..umptions employed in the analysis in order to 
allow recognition of the limitations inherent in the JJ ;~gram. 
Another possible improvement would be to provide optional logic flows for 
those cases where only a limited amount of data is desired or only certain dis-
ciplines need to be addressed. For example, it may be desired to study only 
the takeoff performance for a variety of designs. For this case it should not 
be I"'ecessary ot redE-. ... ine the airplane and exercise the geometry, weight and 
sizing options for each point. 
GASP is a useful analysis tool for preliminary design of a clean-sheet 
airplane. For derivative type aircraft, it is questionable whether the differences 
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from one design to another will be accurately modeled c.nd evaluated. However, 
only further experience in using the GASP program in a working environment 
will determine its real value and limitations. 
Appendix B gives a dp-tailed discussion of the weight estimation method-
ology of GASP and some general comments on its logical flow. 
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9.0 TECHNOLOGY REQUIREMENTS 
The major technology requirement for this class of aircraft is the 
manufacturing ':echnology required to build turbine engines at prices competi-
tive with piston engines. Turbine engines have certain advantages, both for 
the customer and the airframe manufacturer, therefore, the purchase price 
does not have to equal that of the piston engines. The price differential that 
the market is willing to support is unknown until some products are sold, but 
it is probably not more than 100%. In other words, if the turbine engine costs 
more than twice as much as a t..omparable piston engine, it probably will not 
be accepted in profitable volume in this market. 
Light aircraft design and manufactL""'e involves close attention to cost 
sensitive and weight sensitive factors that differ somewha t from larger air-
craft. These factors include, but are not limited to: 
A) Tu rbofan engine cycle, constru ::::tion, weight, and cost. 
B) Design simplification for low tOOling and production costs. 
C) A higher than normal sensitivity of air'Craft weight to fixed 
equipment weight. 
D) Aerodynamic configuration design for inherent stability without 
artificial stabil'iLation and damping. 
E) A high sensitivity to engine inlet efficiency. 
F) A high sensitivity to engine placement in the airplane as it affects 
weight and balance, moment of inertia, and interference drag of 
the wing/fuselage/nacelle combination. 
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G) An optimum wing loading and aspect ratio for mhimum purchase 
and operating cost. 
H) A requirement for lower noise and emissions than for larger 
aircraft. 
I) Freedom from ground support equipment requirements such as 
power carts, ladders, work stands, etc. 
These factors have been considered to varying degrees of detail in this 
~:tudy. All of them have been, or can be, resolved in a satisfactory manner. 
Economics aside, present technology is adequate to physically build a four 
place turbofan powered light airplane. Engines and all necessary airframe 
equipment and materials required to build a good light airplane are c.vailable 
today. 
Unfortunately, economics cannot be set asi.de. Economics is the pri-
mary reason for the existence of small airplanes as well as the companies 
which build them. Were it not for economics, we would all fly large comfort-
able high perfor nance airplanes. 
Although technology advances are not required to build a turbofan 
powered light plane, they would be beneficial, as in any branch of comllierce. 
In this cost sensitive industry, however, the benefit of a particular i m 
depends on its cost factors. For instance, advanced composites 11 see 
little use until the material costs come down, since this is a p duction cost. 
Conversely, the only cost connected with an advanc ed airfoil is a possible 
slight increase in development cost. High lift device costs are variable; 
contour modifications are free, but addition of elements or power is expensive. 
Therefore research and development is useful and desirable and ~hould be con-
tinued, but the effect of each item on manufacturing cost must be car~fully 
considered. 118 
10. CONCLUSIONS AND RECOMMENDATIONS 
As a result of this study, the use of a program such as GASP has 
been judged to be of significant value as an advanced design tool. The GASP 
program itself!. due to its broad scope of coverage, would be particularly 
useful in this role if the following features were altered: 
Documentation - Probably the most seriously lacking element of the 
program is the detail information and methodology of the program 
operation and subroutine computation. A typical example of the type 
of problem that results from this is that when some program options 
are exercised, unwanted sizing occurs without an apparent method to 
force the program back to a baseline configuration. 
Simplification - The original GASP program represented the efforts 
of many programmers who contributed subroutines and modules to 
the overall program makeup. Since this program is operational, 
much could be done by a single programmer, with an overall view, 
to streamline the data flow, simplify the input, reduce computational 
time, reduce core requirements and minimize initial loading problems. 
Flexibility - In its current form, paramE·tri:: .dtu0les require repeated 
program submittals to obtain sensitivity factors on geometry or per-
formance requirements. The ability tc- s to ,_. 1:he computational process 
at a given point and perform parametric:..:. un a particular indepenc!w lt 
variable would be desirable. Examples of this would be the effect of 
wing geometry on cost or cruise s puio'd on range. 
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Improvement in accuracy - Overall prediction of performance, 
weight and costs of some classes of aircraft is good. For the 
present study case, several areas presented data either inappro-
priat:e or out of date; detailed descriptions of the discrepancies 
are outl ined in the text or appendicies. In general, the aerodynamic 
data generated by GASP adhered closest to the results of the con-
tempoerary design methods with weight and cost predictions being 
somewhat more at odds. The following are some specific areas 
of disagreement: 
a) Takeoff and landing distances - While parametric trends 
predicted by GASP and contemporary methods were 
similar, there were significant cifferences in the air 
and ground distances calculated by the two methods. 
These discrepancies were not resolved during the study 
and are the apparent results of differences in method-
ology which should be investigated. 
b) Wing weight prediction - As pointed out in the critique 
of the WGI-ff module in GASP (Appendix B), the default 
values in GASP are inappropriate for this class of aircraft 
and the weight variation with geometry predicted by GASP 
exceeds that obtained by contemporary prediction methods. 
It is recommended that for better applicability to this 
class of aircraft, more statistical data be added to the 
GASP methodology, part i ~ularly at higher aspect ratios, 
and the default values adjusted accordingly. 
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c) Cost prediction - Appendix D presents a detailed critique 
of the GASP cost module along with comparisons to 
contemporary cost figures for corresponding cost elements. 
It is recommended that as a minimum this module should 
be updated to account for more current costs and accounting 
practices. Ideally, the methodology should be based on 
the commonly accepted AMPR weight concept and discrete 
inputs should be provided to allow direct adjustment to items 
such as material costs, manpower rates and learning curve 
improvement. 
Expansion of program capability - Currently, some desireable 
information is not available from tl1e GASP data or is obtainable 
only by repeated submittals or time consuming cross plotting. It 
is recommended that the following additional capabilities be added 
to the GASP progaram: 
a) The option of performing a stability and control ao1alysis. 
b) The abi li ty to calculate V max . 
c) The capability of performil1g a constant power setting 
cruise. 
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APPENDIX A - SAMPLE GASP RUN 
Run 21, contained in this appendix is the second basellne run of 
the study and represents a standard synthesis type run. 
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APPENDIX B - THE WGHT MODULE IN GASP 
A study was made of the weight estimation methodology embodied in the WGHT 
subroutine in GASP. This was concentrated on the wing weight calculation, 
because older methods are available which can be compared with it. 
The WGHT method has advantages over older methods; it provides for weight 
reduction from the bending relief due to wing mounted masses, and it accounts 
for different types of high lift devices. However, it does not account for the 
effects of sweep. The major problem with it is that the results are consistently 
too high for values of the input parameters typical of light aircraft. PreslJm-
ably this is because it was developed from a statistical population composed 
primarily of fighters, bombers, and transports. Past users have circumvented 
this problem by inputting a smaller value for SK:'JIIW, the trend equation con-
stant. This requires some degree of foreknowledge, however, of what the 
correct answer should be. The default value should be one that will produce 
reasonab", e answers when used without modification by a naive programmer. 
A brief study was run to compare this methodology with an older system, 
using identical data. The older system was developed at Beech, using fighters 
and transports in addition to the Beech data. It has since then been used to 
correctly calculate wing weight of several Cessna airplanes as well as the 
Learjet Model 35. It does not account for bending relief due to wing mounted 
masses, nor for different types of flaps, but it does handle sweep. Neither 
system has been checked at extremely high aspect ratios (-20). 
The results calculatec by the older method compared to those by the GASP 
method produced weight ratios ranging from .758 to .560 for the default 
value of SK:'JIIW = 220. The principal factor in this variation seemed to be as-
pect ratio, which was varied from 13 to 20. This indicates that the two systems 
vary excessively in their handling of this parameter. There are no data, how-
142 
ever, to indicate which is correct. A second run was made with S't<:'JVIN re-
duced to 132 and a simplified calculation of the initial wing weight. This 
produced compari~on ratios rangitl9 from 1.121 to 0.820. Aspect ratio again 
appeare../ +:0 be the primary factor. A more extensive study is beyond the 
scope of this review, and would be of little use witn....""Ut more data to back it 
up. 
The subroutine can be simplified in several minor ways. Several statements 
and variables can be el iminated by simply setting 'NW1 equal to 15,% of the 
gross weight. At present it is found by a complex calculation procedure. 
This is unwarranted, since it is only used for the initial value in an iterative 
calculatio. I. 
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c /J • 
,i\PPENDIX C - COST ANALYSIS METHODOLOGY 
A method commonly used by the General Aviation Industry for estimati ... \~? new 
design aircraft costs for development and production employs AMPR (Airframe 
Manufacturer's Production Responsibility) weight to deterl nine a parameter to 
which labor manhours and material costs can be associated through historical 
experience. Al'v'PR weight may include only the airframe or it may be an ag-
gragate weight of airframe and certain systems; however, engines, propeller's, 
avionics and add-on equipment are not included. Trus, an aircraft's develop-
ment and production cost can historically be accounted for in terms of man-
hours pel'" unit weight of aircraft engineered, tested, tooled, and manufactured. 
The cost of manhours and mat~rials is then easily scaled in terms of time and 
place according to any given Manufacturer's experience and capabilities. 
The cost analysis methodology for analysis and evaluation of candidate pre-
liminary designs using the AMPR weight method is explained in the following 
paragraphs for estimating development, production unit costs, and oper'ating 
costs. 
Development and Certification Cost 
Developmer~t "\nd certification co.st may be broken down into the followi""lg major 
cost items for purposes of estimation. 
a. Engin8cring including burdened labor, special materials, purchased 
services, ,and f1 ight testing . 
. b. Tooli'1g including direct lab()r, overhead, materials (prototype 
soft .tooling and all production tooling). 
c. ¥ .anufacturtng including direct labor, overhead, and materials. 
d. Quality Assurance including direct labor and overhead. 
Engi nee I'" ing Cost 
Er:gineering development cost as function of AMPR weight may be formulated 
as follows: 
(1) 
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.. '.A "," , ~ f • 
-
Where: 
CEL 
WAMPR 
HEO 
cE 
KESCE 
KOF 
Where: 
C m / s 
Cn 
Where: 
cFT 
= 
= 
= 
= 
= 
= 
= 
= 
= 
cost of engineering labor to develop, test 
and certify the aircraft 
total AMPR weight in pounds 
engineering manhours per pound of AMPR weight 
burdened cost of engineering labor 
labor cost escalation factor for engineering 
difficulty factor which is sometimes appl ied 
for increased complexit y or difficulty in en-
gineering and certification 
(2) 
cost of materials and services 
cost of item n material or purchased service 
such as wind tunnel models, wind tunnel tests, 
outside flight tests, flight test instrumentation, 
etc . 
(3) 
c ost of fl ight testing 
fl igllt test hours for engineering development and 
certification fl ight testing 
cost per flight test hour 
The total of enginee ring costs in a development certification p rog r am is t he 
s um of a ll the above items . 
(4) 
Tooli.ng Cost 
Revise d accounting methods now in use include s ustaining tool ing for on-going 
p roduction a s a par of manufacturing ove rhead . For a new mode l aircraft 
p rog r am , however, a separa te estimate of tooling cost is needed to dete rmine 
the burden for new tool ing das ign a nd construction. There fore , a n accounting 
is made for tooling direct labor and overhead separ a te from th;;o.t of m a nufac-
tu ring, a nd the m a nufa ctu ring ove rhead r a t e is app ropriately r e duce d. The 
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methodology for estimating tooling cost in a development program is described 
in the following. 
Tooling cost as a function of AMPR weight may be formulated as follows: 
Where: 
Where: 
WAMPR 
~ 
Where: 
Where: 
Manufactu ring Cost 
= cost of tooling direct labor 
= cost of tooling overhead 
= cost of tooling materials 
= total AMPR weight in pounds 
(5) 
(6) 
= tooling manhours per pound of AMPR weight 
= cost per toolinq direct labor manhour 
= cost escalation factor for tooling labor 
(1) 
= tooling overhead factor 
(8) 
= tooling manhours per pound of AMPR weight, 
as explained above 
= cost per pound of tool ing materials 
= escalation factor for tooling materials 
Manufacturing costs for prototype flight and ;'5 tc.~ic test articles may be for-
mulated as follows: 
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C M = CMDL + CMoH + CMM 
Where: 
(9) 
= cost of manufacturing direct labor 
= cost of manufacturing overhead 
= cost of manufacturing materials 
CMDL = np x '.W' AMPR x HM x cM x KES:; M 
+ nta x W"AMPR x HM x c M x KE5CM (10) 
Where: 
np 
nta 
W'AMPR 
Where: 
= f"lI.1mber of prototype aircraft 
= number of test articles 
= AMPR weight included in prototype 
manufacturing manhours pel'" pound of AMPR 
weight (determined from reference learning 
curve for manhours/lb. AMPR weight) 
= cost pel'" manufacturing m nhour 
= escalation factor for manufacturing labor 
= AMPR weight included in static and dynamic 
test articles 
(11 ) 
= cost of manufacturing direct labor 
= manufacturing overhead factor 
C MM = (neng x c eng x Keng) + C A + COMp + COMta (12) 
Where: 
neng 
c eng 
Ke ng 
= number of engines to be used in prototypes 
= cost per engine 
= fraction of new engine cost charged to the 
development program (depends on contract 
agreement with engine manufacturer) 
= cost of avionics in fl ight test prototype(s) 
= cost of other manufacturing materials for 
prototype aircraft 
147 
COMta = cost of other materials for static test articles 
COMp = cMM x KESCMM x W'AMPR 
Where: 
(13) 
= aggregate cost per pound of manufacturing 
materials 
= cost escalation factor for manufacturing materials 
C x LlW"AMPR OMta = cMM x KESCMM (14) 
Qual ity Assurance Cost 
Qualityassurance costs may be formulated as follows: 
(15) 
Where : 
= cost of QA direct labor 
= cost of QA overhead 
CQADL = FQA x cQA x KESCQA {CW'AMPR x HM) + (W"AMPR x HM) } 
16) 
Where: 
fQA 
Whe r e: 
= proportion of QA man hours to manufacturing 
manhours in perce nt for a new a ircraft 
development program 
= cost per QA direct labor manhour 
(17) 
= QA overhead fa ctor 
Total Development a nd Certification Cost 
The Total enginee ring , development, a nd c e rtifi c a ti o n c os t is the sum of 
the above costs. This is formul a tes a s follows: 
(18) 
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Pr'Oduction Unit Cost 
Production unit cost may either be determined as the cost of each article along 
the learning curve, with the appropriate escalations for labor and material 
costs, or it may be determined more approximately as an average cost over a 
given production quantity. 
It is generally accepted that the improvement c '..J rve for light aircraft follows 
approximately an 85 percent slope until near 1000 production units. After 1000 
units of production the slope gradually decreases to 90 to 95 percent due pri-
marily to the incorporation of design improvements. 
For the purposes of this analysis production unit cost has been estimated as an 
average over the first 3000 unit production quantity. Costs were calculated in 
terms of Mid-FY 77 dollars and held constant over the 3000 unit production 
quantity. 
Tota l production unit average cost may be formulated as follows; 
C ..J = C M + CMOL + CMOH + CQAOH + CQAOL 
Where : 
CMM = cost of manufacturing materials 
CMOL = cost of manufacturing direct labor 
CMOH = cost of manufacturing o verhea d 
CQAOL = cost of quality assurance direct labor 
CQAOH = cos t of quality assu r ance overhead 
Each of the a bove costs is expla ine d in the followi ng fo rmulati ons . 
M anufacturing Materia ls Cost 
(19) 
P r oduction manufac turing a te r ials includes a ll ai rfram~ mate ri a ls , a ircra ft 
systems , eng ines, avionics, in te riors, e xte riors, p r epa r a tion costs, and 
p roduct ion f1 ight tests . 
Ma u fac tu ri n mate ri als costs may be formu l a te d as follows : 
(20) 
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Where: 
Wher'e: 
= number of engines per aircraft 
= average engine cost over the average 
engine set buy 
= cost of avionics 
= cost of other manufacturing materials 
(21 ) 
= aggregate cost per pound of mc,nufacturing 
materials 
= cost escalation factor for manufacturing 
materials 
= total AMPR weight 
Manufacturing Direct Labor Cost 
Production labor for this analysis is based on small aircraft industry ex-
perience projected to the cumulative average manhours on the order of 
3000 units of production. 
Manufacturing direct labor cost may be formulated as follows: 
CM = 0IV AMPR x HMca x c M x KESCM) (22) DL WAMPRREF 
Where: 
WAMPR = total AMPR weight as previously described 
= cumulative average production manhoLArs per 
pound of AMPR weight over given 
production quantity of reference aircraft 
= total AMPR weight of reference production aircraft 
= cost per production manhour 
= cost escalation factor for manufacturing 
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Manufactu ring Overhead Cost 
CMOH = CMDL x OM/lOO 
Where: 
= manufacturing direct labor cost from 
equation (22) 
= manufacturing overhead factor 
Quality Assurance Direct Labor Cost 
Where: 
(23) 
(24) 
fQA = proportion of QA manhours to manufacturing 
manhours in percent for a produ(..ti~Xl program 
= cost of manufacturing direct labor 
= cost per manufacturing direct labor manhour 
= cost per quality assurance direct labor manhour 
= cost escalation factor for QA 
Qual ity Assurance Overhead Cost 
CQAOH = CQADL x 0QA/100 
Where: 
= cost of qual ity assurance overhead 
= quality assurance direct labor cost from 
equation (24) 
= quality assurance overhead 
Initial Pricing Esti m ate 
(25) 
The initial pricing estimate is obtained to facH itate comparison between 
a lternate proposed products and between these products and the competition. 
These prices are expected at the production date of the average priced new 
produc t unit of the amortization base, or during any other year for whici ", the 
cost analysis and pricing estimate relative dollar value is based. 
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The initial pricing estimate is the s un l of the following values: 
a. Production Unit Cost 
b . Pe rio .:.! Cost 
c. Warranty Reserve 
d. Gross Margin 
e. Development AmortizQtion 
This m a y be formul ated as follows: 
PI = C p,-, + Cp + C GM + COlA 
Where: 
PI = initial pricing estimate 
CPu = average production unit cost over the 
amortization base 
Cp = period cost per production unit 
Cw = warranty rese rve 
CGM = gross margin 
COlA = development and amortization 
(26) 
Period cost, Cp, as used at GLC, includes all items essential to construction 
of the aircraft but not included in production unit cost. Period costs range 
from about 3 to 19 percent of production unit cost, and include marketing, 
field support, sustaining engineering, G&A, public relations, and corporate 
allocations. Sometimes it is desirable to load period costs more heavily 
against existing products that are selling well and lighten it for a new lowe r-
priced product, or conversely, increase its burden on a new top-of-the-line 
product. Given these considerations period cost may be formulated as follows: 
Cp = Cpu x fCp x KESCP x L 
Where: 
(27) 
fCp 
KESCp 
L 
= Pe riod cost in pe rcent 
= escalation factor for period cost 
= bading factor where for a bottom-of-the-line 
product L may be as low as 0.25 and for a top-
of-the-line product L m a y be as high as 1.5 
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For the last item, L, the distribution of the period cost loading factor over 
the total product line must balance out so that all period costs ar'~ covered 
in the overall product line pricing policy. 
Warranty reserve cost is a rather arbitrary computation un"less sufficient 
historical experience is available. Generally it can be related to cost and 
is valued at about 2 percent of factory cost for general aviation aircraft. 
State of the art improvements in product qual ity should hold this figure fairly 
constant, rather than requiring escalation as with direct expenses. 
Gross margin, CGM, as used herein, includes G & A, sales, commissions, dis-
tributors' allowances, sales margin, and corporate profit. On military or gov-
ernment programs G & A would be entered separately and the margin would be 
lower to suit the type of contract and the customer's acceptability. 
Gross margin appropriate for most products would be 30% to 35% of 1 ist price. 
Generally, the larger the sales potential and the more competitive on price the 
particula l'market, the lower the gross margin. For a bottom-of-the-line air-
plane, where these factors are of paramount consideration, 20-25% might even 
be appropriate. Gross margin may be formulated as follows: 
(28) 
GM 
(1 - 100 ) 
Where: 
GM = gross margin 
The development amortization, COlA, is used to describe the cost of t he de-
velopment and certificat:ion program as a write-off against an amortization base. 
Fo ~' interna lly funded programs, about three to four yE.ars 01' .:::ales potential is 
considered normal for write-off of a development program. Fo :~ outside funded 
programs the base would be the program fi rst buy, or on a risk b a sis, the first 
X buys up to a three or four year production run. M a nagement decisions would, 
of course, be involved in the latter case. Development amortization cost may 
be formulated as follows: 
(29) 
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Where: 
CD,c 
NA 
= development and certification cost 
= number of aircraft in amortization base 
Se 11 ing price is the sum of the above discussed costs, reserves, margins, 
and amortization write-off. The estimated selling price may be adjusted 
for other years by applying the appropriate escalation factor(s). 
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Estimated Cost of Operations 
The method for estimating cost of operations is the same as that commonly 
used by the General Aviation Industry where an accounting is made for the 
following variable and fixed costs. 
Variable Costs 
Fuel and oil 
Airframe and avionics maintenance reserves 
Mid-term hot section inspection (HSI) and parts reserve 
Engine overhaul reserves 
Parking/L anding fees and spare parts inventory 
Fixed Costs 
Depreciation 
Crew compensation 
Insurance 
Hull 
Liabi lity!Medical 
S torage and/or tie-down 
Navigation materials 
Air-Nays tax 
The methodology employed in estimating these costs is explained as follows: 
Variable Costs 
1 . Fuel and Oil 
Gal./hr x $/gal 
Turbine fuel cost (Mid FY77) = $0.67 /gal 
(w/o fuel additives) 
Oil cost per flight hour = $0.60 
2 . Ai rframe and Avionics Maintenance Reserves 
Maintenance at approximatel y 0.5 m -hrs /flt-hr. 
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Labor rate @ ..,., I 4. OO/hr. 
Maintena'lce cost = 0.5 x 14.00 = $7 . OO/flt-hr. 
3 . Mid-Term HSI and Parts Reserve 
Cost based on $3. 50/lb-thrust 
500 lb-t x 3.50 = $1750 
At 200 hrs/yr., TBO = 2575 hrs. 
HSI at 1250 hrs. 
1750 
cost/hr = 2575 = $1 .36/hr. 
4. Engine Overhaul Reserves 
Cost of overhaul = 40% of original cost 
TBO = f(annu , l utilization) 
5. Parking/Landing Fees and Spare Parts Inventory 
Adjusted to Mid-FY77 costs 
Fixed Costs 
1. Depreciation 
Assumed to be straight 1 ine over 8 years decreasing 
to 20 percent origin a l purchase price. 
2. Crew 
Not applicable 
3. I nsu rance 
Hull: Equa l to 0. 8% x original purchase price 
Liability/Me dica l: Adjusted to Mid-FY77 costs 
4. Stora ge 
Adjusted to Mid-FY77 costs 
5. Navigation Mate ri a ls 
Estimated price 
6 . Airways T ax 
Prevail ing amount 
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,APPENDIX D - CRITIQUE OF GASP COST MET~ODOLOGY 
The cost analysis methodology in the GASP program for estimating fly-
away factory (FAF) costs was derived from correlated statistical data obtained 
by survey of many different manufacturers and their products. The resulting 
cost estimation relationships CCER's) included: 
Inputs 
Weight/Speed 
Powel'/Prcpulsion Type 
Block Fuel and Time 
Cost coefficients 
Solutions 
Flyaway Cost 
Labor 
Materia-ls 
Output 
Purchased Equipment 
Mark-ups 
Flyaway Cost/Breakdown 
Operating Cost vs . LJtil ization 
Ope rating Cost 
Variable 
Fixed 
Util lzat ion 
FOllowing collection of cos t/prices and physical characteristic data cor-
rel ation was determined by NASA through regression analysis and other means. 
With this information, cost estima ting relationships were de termined for in-
c orpora tion as model subroutines in t he general design c omputer pr'ograms . 
Examinat ion of each of the ('ost estimating rel ationships a ppl icable to a 
sma ll turbofa n powered a irpl a ne was conducted with comparisons made to m e -
thods e mployed by Gates Lear jet, a nd to cu rre nt CFY77) cost estima ting coef-
fici ents . The results of this exa mination a r e discussed !"or each of the GASP 
CER's in the following. 
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Manufacturing Labor Manhours and Cost 
Two relationships were developed for GASP - one for light aircraft 
and one for heavier high performance and turbofan powered 
one for turbofan powered aircraft is: 
OM L H = WS P x (3. 9 x 10 -10 x W S P + 2. 5 x 10-3 ) 
CSML = OMLH x ALR x CL F 
Where: 
OMLH 
WSP 
WE 
CSML 
ALR 
CLF 
Manufacturing direct labor manhours 
= WE x VCRMPH 
= Aircraft empty weight 
= Cost of manufacturing direct labor 
=- ~verage manufacturing labor rate 
= c.; mplexity factor 
aircraft. The 
Solution of this expres sion for an iarcraft of empty weight equal to 1026.8 lbs. 
(WE of contemporary design airc:raft) yields a manufacturing performClnce of 
0.42 m-hrs/lb. The best performance of ligr,t aircraft manufacturers in l a rge 
run production is estimated to be not less than Co c1.Jmulative average of C . 60 
m-hrs/lb. over 2000-3000 units and about I). 70 m-hrs/lb at about 1500 units. 
Model changes and product improverrents cause a flattening of the improvement 
curve over about 1000 pt'Oduction units on small aircraft with the i::u rVE: chang-
ing from approximately 85 percent to 90 to 95 percent as improvements at~e 
incorporated. 
T~ e major concerns with this relationship is that it is based only on 
relatively large quantily production and appears to UnderestiMate manufactur-
ing manhours by 30 to 40 percent. 
Manufact~J ring Overhead P e rcent end Cost 
The relationships in GASP for estimating manufacturing overhead per-
cent and cost ar'e as follows: 
OHML = (7 x 10-8 x WSP) + 1.31 
CSOH = OHML x CSML 
' Ihere: 
1G8 
g • 
I 
OHML = Manufacturing overhe ad in percent of direct 
labor hours 
WSP 
CSOH 
CSML 
= WE x maximum cruise speed in mph 
= Cost of manufacturing overhead in dollars 
= Cost of manufacturing direct labors in dollars 
Solution of OHML for both small and medium sized high performance aircraft 
yields an overhead percentage that is, by current practices, too low. Recent 
government guidelines have required full absorption of some sustaining costs 
like tooling and others to be included in manufacturing overhead which has 
raised the level to the r ange of 155 to 165 percent of manufacturing di rect 
labor costs. Thus, a r eappraisal is needed to change this CER to reflect 
current accounting p r actices . In this regard manufacturing overhead should 
include an accounting for: 
M a nufacturing Mana gement and S upervision 
Training 
Direct Manufacturing S e rvices 
? roduction Contro 1 
Manufactu ring Planning 
Industrial Engineering 
M anufactu ring Engine ering 
Qua lity Assurance 
Sustaining Tooling 
F a ci 1 i ties Administra tion 
Materi a ls Administra tion 
O f these ove r cad costs , the inclusion of s usta ining tooli ng is r e sponsibl e for 
90-95% of th increase from 13 0-135 pe rce nt to the 155-1 6 5 pe r cent r ange . 
Cha nges would a lso be ne ces sary in the CER to e stima t e sus tai n ing costs 
w hich will be discus sed l a ter. 
M a nufa cturing M a te rial Cos t 
T he CER for est im a ting 1 ight a i r c r a ft m anufa c tu ring ma te ri a ls c os t is: 
CSMM = '1( 1 . 5 x 10- 4 ) x W + . 38 } x W E 
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Where: 
CSMM = Cost of manufactu ring materials 
Solution of this equation for a WE of 1026 . 8 lbs . yields $0 . 534/lb. 
of W E . Inflation between 1970 and FY-77 would increase this cost factor 
by approximately 61 percent to $0.86/lb . of WE. However , actual cost of 
raw manufacturing materials in F Y77 were about $4- $5 pe r pound for 1 ight 
a ircraft . 
A reappraisal of manufacturing material c ost is apparently needed along 
with CER changes to permit cost r ate flu ctuations with inflation. 
Airframe Fabrication Cost 
ine CER for summing manufacturing cost of airframes is simply: 
C SAFF = CSML + CSOH + CSMM 
Where: 
CSAFF = Airframe Fabrication Cost 
O riginal Equipment Factor for Engines and 
Propeller - List Price Cost 
T his CER is not applicable to turbofan powered ai rcraft. 
L:::ngine Cost 
Th0 CER for turbofan engine cost is a product as follows: 
CSENG = $Lb. T x BHP1 
BHP1 is this 8quation s taken as engine maximum seal l evel static 
thrust . 
Total Propul sion Cost 
T he CER for propulsion cost is given as follows: 
CSPPUL = (CSENG x YNE) + (CSPP x XP) 
Where : 
CSPPUL 
CSENG 
= Total propulsion cost 
= E ngine cost 
10 
YNE 
CSPP 
XP 
= Number of engines/aircraft 
= Propeller cost 
= Number of propellers/aircraft 
The latter two items, of course, do not apply to turbofan powered aircraft. 
Other Equipment Cost 
The CER for other equipment ir.cludes the cost of purchased equipment, 
excluding propulsion equipment. Ti Ie CER is given as follows: 
CSOEQ = 9.6 x 10-7 x (\NSP) 1.698 
Where: 
CSOEQ 
WSP 
= Cost of other equipment 
= Empty weight times maximum cruise speed in MPH 
For the selected contemporary design aircraft this CER yields a CSOEQ = 
$704 . Inflation over the period from 1970 to Mid FY77 amounts to at least 60% 
which would increase CSOEQ to $1126 . However, this c ost is still underesti-
mated by 25 percent or more relative to FY-77 typica l costs and therefore it 
appears that this CER needs a reappraisal, as well as provisions to permit 
changes for cost inflation. 
'Total Equipment Cost 
The CER for total equipment cost is the sum of propulsion and other equip-
ment costs as follows: 
CSTEQ = CSPPUL + CSOEQ 
Direct Manufacturing and Equipment Cost 
This CER is the total of airframe fabric tion and equipme nt cost ~s follows: 
CSDME = CSAFF + CSTEQ 
Engineering, Tooling, Sales, and Administrative Factor 
T Ilis CER is expressed as follows: 
ETSGA = 0.166 9 (\NEP·08743 
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Where: 
ETSGA = Fraction of CSDME to be added for sustaining 
engineering and tooling, sales and G&A cost 
For a WE = 1.026.8 lbs., ETSGA is calculated to be 0.306 . Changes 
in accounting practices and guidelines has required that sustaining tooling be 
covered in manufacturing overhead cost; therefore, this factor should be re-
duced accordingly. These costs are approximately the same as that described 
as Period Costs in the contemporary method described in Appendix C. 
Total Factory Cost 
The CER for total factory cost ~s the following sum: 
CSMANF = CSDME + (ETSGA x CSDME) 
Factory Profit Goal and Dealer's Cost 
The CER for estimating factory profit goal is: 
PROFG = (2.33 x 10-5 x WE) + .066 
This yields a profit goal of approximately 9 percent for a WE = 1026.8 lbs. 
which appears reasonable for this size aircraft. For larger, higher perfor-
mance aircraft, however, thi.s CER will yield factory profit goals of 25 per-
cent or more which does not appear reasonable in highly competitive markets 
of medium size business jet ai rcraft. Therefore, a pos sible alternative CER 
shoul d be considered with user selected input factors for profit goals. 
Distributor and Deal er Mark-up Trend 
The CER for estimating mark-up is 
DDMARK = 0.1695 x (:NE)0.08743 
This yields a markup of 31 percent for a WE = 1026.8 lbs. whi:::h a lso 
appears reasonable for small size airc r aft . This CER estim a tes deale r m a r k-
up as a percentage of fa ctory p ri ce which is not common practice. In actual 
practice the m a rkup is based on percent of deal e r price . As in the C ER for es-
ti rr. a ting factory profit, cons ide r ation should be given to provision of a use r 
selected input facto r for a m a rKUp g oa l. 
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Total Flyaway Factory List Price 
This CER is expressed as follows: 
CSAFAF = CSDLR + (DDMARK x CSDLR) 
The value of CSAFAF is generally expressed as a unit cost without 
add-on equipment. Any additional equipment will alsc have markup values 
over the factory or dealer cost of provisioning on the airplane. 
Ope rating Costs 
Variable Costs 
A. Fuel and Oil 
Cost of fuel and oil per hour of operation is based on estimated block 
fuel/oil consun"lption for an average mission range. The CER is gi'/en as 
follows: 
CSFL = .GPH x CSFG 
Where: 
GPH 
CSFG 
CSOL 
CSHPOL 
= - F'~(el consumption rate in gal./hr . 
= Fuel cost per gallon 
= $0. 20 ave rage cost/hr. 
= CSFL + CSOL 
Actual o il cost has escalated to about 60 cents per hour in FY-77 for 
equivalen t consumption. Cost of fuel has also escalated and in Mid FY-77 
was about 67 cents per gallon including taxes, but not including additives . 
Additives would add 2-3 cents per gallon . 
B. Inspection a nd M a intenance 
Cost of inspection and maintenance is e xpressed as follows: 
CINP 
A IC = HRI 
Where: 
AIC 
CINP 
HRI 
= Cost of inspection and maintenance per flight hour 
= Cost of inspection in dollars (If not input default = 
$1500) 
= Hours between inspection (If not input default = 
100 hrs) 
C. Reserve for Engine Overhaul 
Cost of engine overhaul is expressed as follow!;:;: 
ENP x TSLS x OHR 
OHC = TBO 
for turbofan (NTYE = 7) 
Where: 
OHC = Cost of overhaul per flight hour 
ENP = Number of engines 
TSLS = S eal level static thrust 
OHR = Cost of overhaul per pound of tt:rust (If r:::t i. Ij..iUL 
default = $5.5/ lb .thrust) 
TBO = Time between overhaul (Input) 
D. Parking/Landing Fees, Spa r e Parts Inventory 
These costs must be accounted for by inputting a value for CMV (incre-
ment to hourly operating costs) into the GACOSTroutine . In earl y CY77 these 
costs amount to approximately $0.85 for parking/landing fees and $0.32 for 
spare parts inventory per hour of operation for C a tegory I ai rplanes. 
Fixed Costs 
A. Depreciation 
CSYDP = (CSFAF + CSOPT) ~~o x 1 8 
Where: 
CSYDP 
CSFAF 
CSOPT 
= [)eprecia tion c ost per annum 
= Dea le r price a t facto ry 
= Price of a dde d fa ctors 
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-Derreciation is assumed to diminish the value down to 20 percent over a 
period of eight years. This CER is a modified version of the oriyinal whe re 
the airplane original value was depreciated ;00 percent in 20 years. The CER 
as expressed is definitely more appropriate. 
Depreciation cost per flight hour is a function of annual uti lization. 
CSHDP = CSYDP/AU 
Where : 
A U = Annual ut iliz ation in hours 
B • I nsu rance 
Hull Insurance 
CAT I - HINS = HIR x CSFAF 
Where : 
HIR = Hull Ir . ..;u rance rate in percent (de fault value = 2%) 
L iab il ity Ins u rance 
CAT I - LINS = C LI 
W he r e : 
CLI = Cost of li ab ility insuran c e (de fault value = $ 2 15) 
L i ab il ity ins u r ance has increased in cost due to inflation a nd tn earl y 
C Y 77 would c ost a bout $325 a n nually . 
C . Storage 
S to r age c osts c o ve r the cos t of t ie -down and hange r and a r e a c c ounted for 
by t he in put vari ab le S R PM in GACOST. De fault value of SRPM is z e ro. 
In ea r ly CY77 s torage c osts for CAT I ai rpl anes would be a pp rox imat e ly $450 
pe r yea r . 
D . Pi lot (Cr ew ) Cost 
T hi s cos t is no t a pp licabl e to small a irc r a ft . 
1 5 
E. Miscellaneous Fixed Costs 
This cost can include annual expenditu res for maps, manuals, 
and other incidental items. It is an input CMF in dollars per year 
whose default value is zero. 
For CAT I airplanes this cost is approximately $100/year in early 
CY77. 
F. FAA Use Tax 
For gross weights ~ 2500 lbs., this cost is as follows: 
CST J:V< = $25/year. 
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